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ABSTRACT

A program was conducted to determine the technical and economic feasibility
of a high altitude blast generation system using detonable gases contained in
balloons, The purpose of this system would be to produce a blast and shock
environment at altitudes of up to 100,000 feet for in-flight missile and aircraft

vulnerability testing and for atmospheric nuclear blast detection studies.

This report describes the results of this program in two parts: Part I
(bound separately) describes the theoretical and experimental work; Part II
describes a preliminary design and economic study of the hardware required for

the system, Both Parts I and II were conducted simulteneously.

For Part I, computer codes were developed to predict the detonation
properties and resultant shock wave-air interaction phenomena at low ambient
pressure and temperatures, An experimental program was then conducted which
verified the theoretical predictions by detonating 5 and 10 foot diameter
balloons filled with either methane-oxygen or hydrogen-oxygen mixtures at
simulated altitudes up to 100,000 feet (low temperatures were not simulated).

For Part II, attenticn was given to the balloon design, the gas handling
system, the launch and handling equipment, the effects instrumentation and
flight control, the instrumentation recovery system and possible test sites
required to physically implement this blast and shock generation technique,
Cost estimates to field a single test renged from $191,460 for a one ton
explosive yield equivalent at 50,000 feet to $317,200 for a twenty ton yield
at 50,000 feet. Costs for subsequent tests would be reduced since most of the
equipment would be reusable, The White Sands Missile Range, New Mexico is

recommended as being the best sulited tc support and conduct all proposed tests.
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SECTION 1

SUMMARY AND CONCLUSIONS

The General American Research Division has developed a blast generation
and shock simulation technique, using the spherical detonation of a combustible
gas mixture initially contained in a balloon (DASA 1792-I).

The part of the progrem reported herein describes the results of a pre-
liminary design end economic study of a High Altitude Blast Generation System.

The High Altitude Blast Generation System makes use of the fact that certain
combinations of detonable gas mixtures are buoyent. Therefore, an innerent
edvantage to the system is that the detonating medium is also the 1ifting medium.

Several system flight configurations were investigated in detail during
the program. Two of these systems separate the fuel from the oxygen during
filling and launching by either a ballonet or tanden balloon technique. The
other systems allow the gases to be mixed during the filling and launching
operationgs. Although all of the systems are considered feasible with each
having 1ts advantages and disedvantages, the system recommended by GARD is
a natural shaped balloon system. This system mixes the pgas during filling.
Upon release it lifts an instrumentation train consisting of a packed recovery
parachute attached to an instrumentation packege. The instrumentation package
would contain the necessary comporients to support the blast effects pressure
sengors in the train and the command and control requirements of the system.
This report recommends that the instrumentation equipment be comprised of
available off-the-shelf, IRIG compatible hardware with the exception of the
flight programmer which would have to be developed for each mission. The
recommended gas loading system is of the same prover type presently being
used on the Simulating Large Explosive Detonable Gas Experiments (SLEDGE).

The suggested handling and laurching scheme is an AFCRL developed system.

Two test sites recommended are: White Sands Missile Range, New Mexico
for initial system development and Kwajalein Test Site for a fully operational
systen.




An economic study of cach component in the Hign Altitude Blast Generation
System has revealed the balloon as the major item of c¢rpense, Other major
items of expense secondary to the balloon are: the instrumentation system,
test site support, and labor, Because of the many variables and combinations
iuvolved, a specific cost summary becomes dif't'icult to estimate, However,
by selecting the alternate schemes or systems of interest an immediate cost
summary may be obtained at the end of each system discussion. So that some
order of magnitude may be established, Table 1.1 represents the potential
range of costs per event, The maximum total reflects the largest yield
(20 tons) at the highest altitude (50,000 ft) using a stainless steel gas
loading system, and a primary and backup irstrumentation system. The minimum
total includes the lowest vield (1 torn) at the same altitude (50,000 f't)
using a low carbon steel gas loading system and a minimum amount of instru-

mentation.
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TABLE 1.1

PROBAELE RANGE OF HIGH ALTITUDE

Balloon
Launching and Handling Equipment
Gas Loading Equipment
Gas (Methane-Oxygen)
(Hydrogen-Oxygen)
Instrumentation and Flight Control
Recovery
Test Site - (White Sands Missile Range)
Logistics

Labor

TOTAL

In conclusion, the development of a high altitude blast generation system
appears feasible from both a technical and economic standpoint. The mobility

and versatility of the suggested system allows many areas of practical application.

SLEDGE FIRST DIRECT COSTS

Minimum Cost
(1 ton, 50K ft.)

Maxirum Cost
(20 tons, 50K ft.)

$ 50,000 $ 70,000
$ 10,000 (Maximum) i
6,000 ° 43,000 J
11,200 !
1,460
58,000 67,000 |
1,000 6,000
30,000 (Average)
5,000 10,000 |
30,000 70,000 1
$191,460 - $317,200




SECTION 2
DESIGN AND ECONOMIC STUDY

The overall objective of the study was to furnish sufficie.t technical and
economic data to permit a krowledgeable decicion regarding the overall practicality
cf a high altitude Ylast generation system using SLEDGE. The objective was
fulfilled by conducting a concept.al design and ecoromic study to determine the
hardware requirements and costs of a high altitude blast generation system. Tkis
study included the coriceptual design of the balloon, aud associate hardware
equipment., Possible test sites were surveyel 10 determine practical locations

for conducting the full scale tests

2.1 Balloon and Associated Equipment

The conceptual design and ecoriomic study of the balloon and associated
equipment is described telow in five basic groups: balloon system, handling
and launching eguipment, gas loading system, instrumentation and flight control,

and recovery system.
2.1.1 Balloon

A qualitative study into the reguirements of the balloon for a high altitude
blast generation sys*em using SLEDGE has revealed unique problems for this
application Pirst, the quantity of gases for a particular flight are determined
by the desired explosive yield. Tkis in turn establishes the gross 1ift avail-
able. (See Figure 2.1) This i1s somewhat contrary to normal balloon flights
where the quantity of gas is determined ty the operational 1ift requirements.
Second, the desired explosive yield along with a selected altitude establishes
the balloon diameter required to contain the gases. (See Pigures 2.2, 2.3) The
concept here is *o provide as small a balloon as possible. The gas balloon will
be detonated either as it passes through the design altitude or after it hes
established an equilibrium or "floating" alvitude as is done in rnormal balloon
flights. Although venting the gases would reduce the effective yield, injecting
more gas during the filling operation would compensate for this effect should
the need arise. Finally, by knowing the altitude, explosive yield (gross lift)
and balloon weight (based on diame*er and material weight s 015 lbs/f‘ta),




the maximum payload may be determined. (See Figures 2.4, 2.5.) Practical
limits placed by the state of art in balloon operations for large balloong,
maximum 1ift on balloon materials, and minimum payload weiphte -are shown on

the figures.

Other than that montioned above, the requirements of a detonable gas

balloon are similar to the ordinary talloon used in conventional balloon flights.

A balloon is most vulnerable to the sailing effects of the wind acting upon the
undeployed material, especially during initial launch phase. For this reason a
taut balloon concept provides the most reliable launch technique. With gaseous
detonations near ground level, the concept used to date has been to rapidly
i1l a balloon with air into which a ballonet has been incorporated until the
final spherical shape is achieved. The detonable mixture is then injected on
one side of the ballonet while the air is vented from the other side. (See
Figure 2.6A) A slight internal balloon super pressure is maintained, during
this process. This keeps the external balloon structure taut. This concept,
with modifications, has possible application to high altitude SLEDGE. A larger,
horizontal ballonet ballocn would be rapidly filled with air as before but

only the sea level volume of detonable gas would be injected. Without any
undeployed material to be affected by the wind, the balloon, already in its
final spherical shape, would be less s;sceptible to damage during launch, As
the balloon rose to altitude, the gas would gradually expand and assume a pro-
gressively larger share of the total (constant) volume. On the other side of
the tallonet, the air would be continuously vented. Relief valves, to control
the venting of the air, would be constructed so as to maintain a slight over-
pressure in the talloon, thereby insuring & taut external geometry., The con-
cept described thus far appears feasible for balloon sizes up to 200 ft. in
diameter and altitudes up to 35,000 feet,.

Another technique applicable for balloons over 200 feet in diameter and
altitudes in excesc of 35,000 ft., would be a tandem or "bar-bell" balloon
concept. (See Figure 2.€B) The basic configuration would be a spherical
balloon reefed in the middle with gas pockets at each end. These gas pockets
would be Jjust large enough to accommodate the sea level volume of fuel gas in

one end and oxygen in the other. As the system ascended to altitude, the gases

= =]
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would expand infla‘ing the additioral material contained in the reef'ed section
until a spherical shape was assumed. The reefing would have to be designed to
deliver only erough additional material so that a slight overpressure was main-
tained in the balloon ends. The use of the tandem balloon concept is predicated
on the assumption that the fuel and oxygen gas will mix during the ascent of the
balloon. The gas mixing process would have to produce a homogeneous mixture tefore
a detonation at altitude is assured An experimental program was conducted to
determine the mechanism for mixing in the tandem balloon concept. (See Pari I,
bound separately, of this report.) The only method, experimentally, that pro-
duced detonation was to allow the gases sufficient time for mixing. The nominal
mixing time required to produce a detonation in the model balloon would scale
approximately to 6000 minutes for the actual case.

The advartages of the ballonet-balloon concept are as follows: it has
previously beer used so that an experience factor may be applied to its develop-
ment; tne system employs the taut balloon concept throughout the entire flight
to guard against the destructive forces of the winds; the balloon would be most
suitable for low altitude (free or tethered) applications. Some disadvantages
are: large balloons would present handling problems; the ballonet may add an
excessive weight penalty as progressively higher altitudes are considered.
Advantages of the "bar-bell” balloon concept are: it is most suitable for high
altitude applications; the separation of gases provides a safety factor during
the launch phase; this system affords a simplicity in design. The disadvantages
are: the gas mixing time is excessive; and the minimum altitude restriction is
approximately 35,000 ft. The minimum altitude of approximately 35,000 ft was
arrived at by comparing the volume of & given diameter balloon with the volume
of a minimum reefed balloon. The ratio of these volumes is found to be approx-
imately 1/4. This indicates the volumetric expansion of the gases,due to a
decrease in ambient pressure, would have to te equal to, or greater than, a
factor of four., If the volume of the gases at altitude were, for example, three
times as much as the volume of gases at sea level there would be insufficient
volumes to contain the gases initia’ly and still provide a reefed balloon.
Therefore, because pressure and volume are inversely proportiounal, the altitude
where the pressure ratio is l/b or 0.25 is 33,800 ft. (or for nonspherical balloon
ends approximately 35,000 ft.)

A modification to the ballonet-balloon concept was also considered. This
modified concept, like the "bar-bell" balloon concept, would improve the safety
of handling by keeping the oxygen and fuel gas separated from each other during




e

launching, and initial ascent. Tnis concept would require a seccndary partition,
which would be ruptured at a predetermined altitude. (See Figure 2.6C) The
balloon configuration would be similar to the ballonet-balloon concept, i.e.,

a spherical balloon with a horizontal ballonet attached at the diametral plane. {

In this case however, an additional or secondary ballonet would be included on
the detonable gas side. This secondary balloriet would contain the fuel or
buoyant gas at the upper most part of the balloon so the 1lifting forces would
act along the vertical center lire of the system. By necessity, the material
rupture strength of the secondary ballonet would be much lower than that of the
parent balloon. The operational sequence would be to rapidly fill the air side
of the balloon to establish a taut shape. The sea-level volume of oxygen would
then be injected between the main and secondary ballonet while air would be

vented to maintain the same total volume. Finally the sea-level volume of fuel/

buoyant gas would be loaded into the chamber created by the secondary ballonet.
As the system ascendsto altitude, the fuel gas would gradually expand to consume !
the entire secondary ballornet chamber. The altitude at which the rupture occurred
would depend upon the material strength of the secondary ballonet and the ratio
of the chamber volume to the sea-level volume of fuel gas. Because the volume
of the secondary ballonet chamber (approximately equal to the sea-level volume
of gas) is relatively small as compared to the total system, the secondary
partition need not contribute much weight. However, as in the "bar-bell" balloon
concept, the process of mixing of the two gases must be completed before the time
of irtended detonation. Whether a sufficient period would exist to produce a
homogeneous mixture is unknown for this third concept.

A fourth concept was considered as an alternative to the ballonet-balloon
concept for low altitudes. This concept consists of a basic balloon with no {.
reefing or ballonet. There are significant advantages to this ccncept from the
standpoint of balloon fabrication, reliability and cost as well as in simplifi-
cation of the inflation equipment and procedures. Primarily, however, there is
the simplicity of fabrication in comparison to the ballonet balloon. Without a

ballonet and air chamber, there are a minimum number of appendices, with no

regquirement for air relief safety valves, air inflation tubes and air inflation

ground support equipment. This inherently provides u simpler, more reliable,

B GRS

and less costly balloon.

'01

The disadvantages of this concept over the ballonet-balloon concept is that the
balloon does not become taut until the detonation altitude is reached. The time that +
the balloon is not taut during ground inflation may be reduced by increasing the
transfer rate of the gases over that used during Operation DISTANT PLAIN (DASA 1945). ‘
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In conclusion, of' the four techniqies presented above, the fourth appears
best suited to the high alti-ude SLEDGE because of its simplicity and past
performance. The costs for the four types of balloons are presented in Figure
2.7 based on the present state-nf-the-art in balloon materials and construction
methods. These costs were obtained from a balloon manufacturer, on a preliminary
budgetary basis only.

2.1.2 Handling and Launching Equipment

It is recogrnized that different nhardling and launching techniques are required
for the ballonet balloon and the tandem or '"var-bell" balloon. The handling and
launching equipment required for & ballonet balloorn has been under development for
Project SLEDGE (DA-49Q-146-X2-400). For application on the high altitude SLEDGE,
the ballonet balloon would be released from the gas filling pipes after being
filled and reeled out to an altitide ( ~200 feet) which would permit the deployment
of the instrumentation train below the balloon. After the instrumentation train
is preperly deployed, the balloon is released and allowed to ascend in free flight
on its mission. Much of the development work on this deployment technique has
already been reported in previous 3LEDGE reports and will not be repeated here.

Little, if any, experience is available on handling and launching detonable-
gas-fi1lled tandem or "bar-bell" balloons. Since this concept has much promise
for blast and shock applications above altitudes of 35,000 feet, the major effort
of this program was directed to conceptualizing a technique for handling and
launching this balloon.

This section describes a primary and alternate scheme for both locel and
remote handling and laurching of & tandem or "bar-btell" balloon. The underlying
feature of both schemes 1s that both provide a degree of freedom in azimuthal
positioning of the instrumentation payload train and balloon in line with the
prevailing launch area surface-winds. The primary scheme differs from the
alternate in that it does not employ tether lines attached to load patches on
the buoyant fuel cell, whereas the alternate scheme does. The only fixed
componer.t of equipment is the oxygen filling system which is placed beneath
ground level. The oxygen filler port at ground level is the azimuth pivot point
for rotating the entire array of equipment to line up with the prevailing surface
winds. All other associated launching, tethering, and winching equipment are
truck mounted. This allows the necessary mobility to take up varying azimuthal
stations using the oxygen filler port as the pivot point. Reasons for aligning

the payload train parallel tc the surface wind vector are to minimize balloor. sway




after a state of tuoyancy is attained thus preventing the payload train from
dragging on the ground durirng intial ascent.

Launch control operations in the primary and alternate launch schemes for
the "tar-bell” balloon are divided into two control phases, namely local and

remote.

The first phasc¢ initiated at the launch site is the local control phase,
This phase covers activities related to the positioning of winch trucks, balloon
trailer bed, and fuel-gas trailers. It also covers the connecting of winech
tether lines, instrumentation/recovery system payload lines, and remote operating
systems check-out, plus inflatien of the buoyant fuel gas pocket of the tandem
balloon. Completion of the buoyant fuel gas-pocket inflation marks the end
event of local control handling activities. All personnel are to be removed

from the launch area at this poin% to a physically safe distance.

The second phase is the remote control phase. It is initiated at the start
of the oxygen filling operation, During the oxygen filling, all tether-line
winch tensioning is remotely controlled to keep the inflated buoyant fuel gas
bubble in position directly above the oxygen filler port as much as possible,
Upon completion of the oxygen filling operation, the oxygen inflation valve
closes off any reverse flow into the filler port thereby sealing the gas pocket.
The next operation is the remote disengagement of the balloon from the oxygen
filler port. This event now places the balloon under full tethering control of
the winch operators. Tne remote winching operation is activated so ac to allow
the balloon to rise and traverse the distance (under captivity) from the oxygen
filler port area to a position vertically atove Winch Truck No, 2 as illustrated
in Figare 2.8. The winches on Truck Nos., 1 and 2 are then regulated so that the
vertical position of the balloon above Truck No. 2 is maintained while paying
out an amount of line from Truck No, 2. This is done to make certain that the
now vertically aligned payload will clear all obstructions when final lifte-off
takes place. The next procedure is to take the final lift-off reading from a




load cell {tensiometer) situated in the payload train below the intrumentation
package. The final procedure remains to excite tether-line cutters thereby free-
ing the balloon for free flight ascert to altitude.

2.1.2.1 Primary Launch Technique

The primary launch plan shown in Figure 2.9 incorporates a system similar
to trhe AFCRL balloon deployment roller mechanism. The deployment mechanism and the
packaged balloon are mounted on a flat-bed trailer as shown. Pre-packaging of the
balloon is such that the lower portion with the oxygen fill ring attached, can be
removed from the balloon tox and draped cver the side of the trailer and connected
to the oxygen fill port.

The payload which includes the instrumentation package, the recover
parachute, and the instrumentation line is laid on the ground to its full length
and is aligned parallel to the average direction of the prevailing surface winds.

Tether lines from two truck mounted winches are then fastened into
position; one being directly connected to the triangula: plate, and the other to
the instrumentation-package base connection point. The opposite end of the
instrumentation line is also connected to the triangular plate. Finally, the
triangular plate is connected to a semi-circular swivel which is attached to the
oxygen fill inflation valve at the south polar cap of the balloon. When all
tether and payload line connections have been accomplished, line slack can be
taken up by the winches and buoyant fuel gas filling can be initiated

The buoyant-fuel-gas pocket is deployed through the rollers, under local
control operation to a point where the two filler ducts can be connected to the
fuel gas trajlers. During the fuel gas filling operation, adequate protective
clothing will be worn by all personnel near the balloon and fuel gas lines. At
this point, the fuel gas is tnen transferred from the trailers into the fuel gas
balloon pocket. It should bte noted that the resultant left can be tailored during
fuel filling by the proper cnoice of gas constituents as described in Section 2.3,
Part I. The balloon material is then gradually deployed through the rollers until
tte required volume of buoyant fuel gas has been transferred into the gas bubble.
The filler ducts are then tied off and tape sealed to pr vent leakage. Subsequent
to filler duct sealing, the balance of the reefed balloon section and the uninflated
oxygen pocket are then passed through the rollers., The rollers are released when
the final portion of *he talloon is deployed tf(ough them, thus alldwing the
inflated fuel gas tubtle, the reefed section, and uninflated oxygen pocket to stand

10




erect over the oxygen filling port. This event essentlally marks the end of local
hardling operations whereupon all personnel and nonessential equipment are cvacuated
from the immediate launch area.

Conmencemant of the remote control operation begins with the oxygen ges filling.
After tne oxygen fill is completed, the balloon is remotely released from the pipe
filling port. This allows the balloon to rise slightly bringinz the connected lines
under tension in restraining the net buoyant 1lift force of the fuel gas bubble
(Figure 2.8). The winch on Truck No. 1 is then remotely activated, gradually paying
out line causing *he balloon and payload section to rise from its ground orientation
intil the entire balloOn/payload system is vertically tethered over Winch Truck No.2.
A+ thnis point the tether line from Winch Truck No. 1 is released from the balloon by
a line cuttver. Truck #1 affords mobility to the system and the winch on truck #1
allows the entire system tC be raised to a sufficient height so that upon final
release the payload will not contact the ground. With this arrangement the wind ma-
nlow in either parallel direction.

Aith the balloon/payload system standing erect over Winch Truck No.2, a net
1lift force reading is taken from an in-line tensiometer. After the lift force read-
ing is acquired a line cutter situation above the tensiometer and below the instru-
mentation package is fired, thereby freeing the balloon for free flight ascent to
altitude.

2.1.2.2 Alterrate Launch Technigue

The alterrate launch plan shown in Figure 2.10A makes use of two tether
lines attached vo a number of load patches on the fuel-gas bubble of the balloon.
These lines are used in place of the balloon deployment roller mechanism to control
tne buoyant fuel bubble deploymeunt. Launch vehicles required for this plan are two
winch trucks, and a flat-ved trailer to transport and act as a deployment platform
for the balloon, Figure 2.10A shows the launch control vehicles, payload train,
flat-bed balloon trailer, and gas trailers positioned normal to the average surface
wird direction. Tne flat-bed ~railer is positioned with the tail-gate just off the
O2 i1l port, and winch trucks at each side. Pre-packaging of the balloon would be
similar to that used in the primary technique. This method of packing should allow
access %0 the oxygen fill ring at the south polar cap of the balloon on one end of
the tox and to the north polar cap and filler ducts of the fuel-gas pocket at the
other end of the box. The appropriate cornections may then be malde to *heir re-
spective gas sources. Both tether lines are then connected to load patch connection

points on the fuel-gas bubble and fuel-gas loading commences. As the fuel-gas bubble

11




becomes buoyant it is allowed to deploy from the box paying out tether line as it
rises. As in the previously described system, the bouyant lif't t'orce can be controlled
by tailoring the fuel gases, i.e., a fuel gas with a higher molecular weight can be
introduced to reduce the lif't force. When the required volume of tuel gas has been
injected into the balloon the filler ducts are tied off, disconnected f'rom the gas
source, and taped sealed as shown in Figure 2.11. The winch trucks are gradually
moved until they position the balloon over the oxygen fill port. The tether lines
are then winched out gradually, allowing the bai.oon to assume a vertical posture
over the oxygen fill port. When the tether lines develop slack, the net 1lift f'orce
is restrained by the oxygen fill port as shown in Figure 2.10. At this point the
tether lines are disconnected from the fuel gas bubble freeing the winch trucks to
take up new functions. Winch Truck No. 1 is connected to the triangular load plate
and Winch Truck No. 2 is driven down tc the far ernd of the payload train where it is
conrzcted. Truck #1 affords mobility and the winch on truck #1 allows the entire
system to be raised to a sufficient height so that upon t'inal release the payload
will not contact the ground. With this arrangement the wind may blow in either
parallel direction. The top end of the payload train is connected to its appro-
priate point on the triangular load plate with the load plate attached to the semi-
circular swivel connection as described in the primary technique. Local control
handling operations are completed at this point providing that all remote winch
control function have been checked out. Fuel gas vehicles and personnel are
evacuated from the immediate launch area and remote control operations can be
initiated.

The remote control operation is similar to that described in the primary
launch technique. The equipment arrangement shown in Figure 2.8 is applicable to
both primary and alternate launch techniques and shows the ballcon being remotely
winched from the oxygen fill port area.

2.1.2.3 AFCRL Launch System

Another launch technique developed by AFCRL is shown schematically in

Figure 2.11. The four basic steps involved in the launch procedure are 1) bubble
layout and fuel gas fill, 2) oxygen inflation, 3) final release and 4) payload
deployment. The advantages of this system are 1) it requires a minimal launch
area due to the payload deployment system 2) it is independent of wind direction.
The only potential disadvantage of the system is it has a more complex payload
deployment system.
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2.1.2.4 Mator Leunch nnd Handling Equipment Description

The winch trucks ' General Motors Corporation, Chevrolet 1 Ton Model
31003) have a wheelbase 1 133 inches, an overall length of 213-1/4 inches and
& truck platform body 9 feet long. Grose vehicle weight rating is 10,000 1lbs.
with dual rear wheels. The platform body is large enough to a~comodate the
electric hojetr, and the combinei wejghts of the truck and hojist are adequate tn
restrmin forces imposed during launch operations.

The selected hoists ( Becoe Erds., Scattle, Washington, Model No. 6000
B20) rhave a line speed of 20 feet per minute {greater winch speeds are avajlable if
necez:ary), 6000 lbs. lift capacity, and a drum capacity of approximately 575 feet
of 1/¢ inch diameter nylon rope. Trney have disc type magnetic brakes integral with
electrically reversible motore The motars are remotely operated with push-button
controls, and the megnctic brakes are normally engaged when the motor is switched off.

The nylon rope seclected is 1/2 inch diameter, nonkinking, and has a safe
working loand 2° 1200 lovs. At 1209 lue, the factor of safety is 5 to 1 for this rope.
liglon fe exceptionally desirstle because >f its energy absorption and its shock
loading characteristics,

The dynamometer 'McMaster Carr, Chicag?, Illinois) selected is normally
used to determine strengths of chaine and cables. The capacity of the dynamometer
is from O = S00 1bs. 1n 5 1lb. divisions and {s used for determining net 1lift prior
to releasing bvallson and paylsad in the launching operation.

2.1.2.5 Llaunch Equipment Cost

Requi red
1 1 Ton Chevrolet Flat<Bed Truck 2 $ L,868
2 Power Winch - Beebe 2 2,750
3 Nylsn Rope 1/2 in. dia. 1200 ft. 334
A Rope (lampe 18 L8
5 Dynamometer s 225
6 Pyratechnic Cutters L i

TOTAL $ 8,ko0
2.1.3 Gas loading Systems

The gus loading systeme transfer the pases from the storage facilities to
their rcipective compartments in the talloon. The gases {oxygen and fuel gas)
will be injected into the balloon separately to reduce the possivility of a
premature detonation of the combustible mixtures. The procedure will be to load
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the fuel gas first and to use the lift of the fuel gas to deploy the balloon from
its shipping container. This will be a locally controlled operation with the launch
crew in the immediate vicinity of the balloon. After the fuel gas loading
operation is completed, the launch area will be evacuated of personnel and the
oxygen then injected into the balloon by means of a remotely controlled system. The
remaining launch operations would be remotely controlled.

The design ¢f the gas handling system is dependent on the the size of tests
that would be conducted. In the following discussion two representative cases
will be considered. These are:

[

1. 86.6 foot diameter balloon, hydrogen-oxygen mixture (02/H2 = 0.75),
detonated at altitude of 50,000 ft. (1 ton)

2. 196 foot diameter balloon, methane-oxygen mixture (Oz/CHh = 1.5),
detonated at altitude of 50,000 ft. (20 tons).

The volumes of gases required for each of these representative cases are:

Case No. Volume of Fuel Gas, Volume of Oxygen,
std. cu. ft. std. cu. ft.
29,700 22,300
2k1,600 362,400

2.1.3.1 Fuel Gas Lnading System

The technique used to inject the buoyant fuel gas into the balloon will
essentially be the same as that used for conventional 1ift balloons. Flexible
inflation ducts integral with the balloon will be used to transfer the fuel gas
from the storage trailers to balloon. The upper polar duct would be used to
initially inflate the gas bubble and to start the deployment of the balloon
from the shipping container. After a small bubble has been formed and the balloon
is deployed enough to expose the remaining inflation ducts, the polar duct may be
disconnected from the gas supply units. The lateral ducts located lower down onm
the balloon are then connected to the fuel gas supply and the balance of the fuel
gas is injected into the balloon. The number of inflation ducts used would depend

on the desired inflation time for the test under consideration.
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In all of the cases considered in this discussion the fuel gas would
be delivered to the test site in a gaseous phase. Compressed-gas tube trailers
with capacities up to approximately 112,000 SCF of hydrogen, 146,000 SCF of
methane, or 149,000 SCF of oxyger. are available for lease or purchase, For Case
Nc. &, two of these tube trailers would be used for delivery and storage of the
methane at the test site. Tests requiring smaller quantities of gases would
use tube trailers of correspondingly smaller capacity or in some instances both
the fuel gas and oxygen could be transported with the same tube trailer (gases
contained in separate cylinders .nd not mixed). A high pressure hose and plastic
diffuser is used to transfer the gases from the tube trailer to the flexible

balloon intlation ducts

During the fuel gas inflation stage of the launch operation, the fuel
gas tube trailers would be positicned in the launch area. (See Figure 2.9.)
The tube trailers would be removed to safe position at the same time operating
personnel are evacuated fram the launch area. In tests where the same tube
trailer is used to transport both the fuel gas and the oxygen, the trailers
would be positioned at the remote oxygen loading station after leaving the

immediate launch area.

The quantities of fuel gas injected into the balloons mey be deter-
mined by several methods. Static pressure and temperature in the gas storage
units may be monitored to establish the amount of gas delivered to the bailoon.
Another method would be to measure and totalize the gas flow to balloon with one
of several types of gas flow rate meters. Gas flow rate meters which could be
used are orifice meters, positive displacement meters, or turbine meters. There
are commercially available instruments that use the meter output signals to
compute the flow rate and totalize the flow volume. Another method would be
to measure the lift force acting on the balloon and determine the volume of gas

in the balloon.

2.1.2.2 Oxygen Loading System

The oxygen will be loaded into the balloon by means of a remotely con-
trolled system. Because of safety consideration, the oxygen storage facilities

will be located approximately 1000 feet from the launch area. The oxygen will
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be transferred from the storage units to balloon by means of a steel pipeline.
(see Figure 2.12.) The oxygen will be injected into the balloon through an
inflation valve located at the lower polar cap of the balloon. This valve will
provide the interface between the balloon and the pipeline. The inflation valve
must be capable of being remotely actuated since the launch area is cleared of
all perscnnel during the oxygen loading phase of the launch operation. 1In
addition to clcsing the valve remotely, it must also be disconnected from the

Pipeline by e remote operation to permit launching of the balloon.

A proposed valve design is shown in Figure 2.12. In this design,
cartridge actuated devices are used to perform required functions. Cartridge
actuated devices have the advantages of being reliable and requiring relatively
small amounts of energy to activate them. The valve plates are held in the
open position by means of the retaining fork. Both the valve plates and the
retaining fork are spring loaded. To close the valve, the latch pin is activated
which allows the retaining fork to retract and the valve plates are moved to
the closed position by means of the spring force. The valve is disconnected
from the pipeline by activating the cutters which sever the bolts fastenirg
the valve to the pipeline. The valve assembly is mounted in the lower polar

cap of the balloon by means of clemp rings.

The design of the pipe system for the oxygen transfer was based on the
gas quantities which would be handled in the test represented by caseZ. 1In
order to obtain reasonable filling times, large flow rates will te required.

A flow rate of 200,000 SCF per hour would result in oxygen filling time of
approximately 86 minutes for the volume of oxygen required in the test. Assum-
ing isothermal steedy flow and an available pressure head of 30 psi, it was
determined that 6 inch, schedule LO pipe would provide the desired flow rate.
This size of pipe would be more than adequate for tests requiring smaller

volumes of oxygen.

The pipe system would be fabricated from flanged pipe headers in stand-

ard lengths. Two alternate pipe materials have been considered for the pipe system.

These are Type A-52 steel and Type 316 stainless steel. The stainless steel
pipe has the advantage of not requiring elaborate cleaning methods for the
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removal ot any accumulated rust depocits after the system has been in the field
for a period of time. However, the stainless steel construction is considerably
more expensive than the A-S3 steel construction (by a factor of approximately 7).
I+ snould be noted that the stainless stee. construction may be more economical in

the long run it a large number of testis (100) are planned.

Oxygen can be transported tc the test site and stored there in either
tre gaseous or wune 1iquid phase. 1Ir gereral the gaseous phase would be used for
the smaller tecsts ard tne ligaid phase used for the larger tests. In either case

the oxyger would be transferred to the balloon in the gaseous phase.

Oxygen in the 1liguid phase has the advantages that smaller storage
tfacilities arerequired and that for the same amount of gas the transportation
charges are lower. For example, one million standard cubic feet of oxygen can
be delivered in one railroad car. However, since the product will be transferred
to the balloon in the gaseous phase, vaporizing equipment would be required on
the test site. Steam-heated vaporizers with a nominal capacity up to 300,000
SCF per nour are aveilable. A typical vaporizer installation to obtain a delivery
rate of 300,000 SGF per hour without "freeze-up" would consist of a 300,0C0 SCF
per hcur vaporizer, a 100,000 57F per hour vaporizer, a steam generator, and a
ligquid orygen pump. The 100,000 SCF per hour vaporizer is added to insure against
"freeze-up" wnich would occur by operating the 300,000 SCF per hour vaporizer
alone, Tne guantity of oxygern delivered to the balloon would be determined by

metering the oxygen in the liquid phase prior to vaporization.

For tests requiring smaller amounts of oxygen (as in case 1) the use
of tube trailers to transport and store *the oxygen in the gaseous phase would be
more advantageous. In these cases tlie oxygen is transferred directly from the
tube trailers through a pressare regulator and into the pipe line. The volume
of oxygen delivered to the balloon would be determined in cne of the ways des-
cribed in 2.1.3.1.

2.1.5.3 Prelimirary Cost Estimate

Trie exact cost of *he gases and the gas loading system required for
a particular test program will be dependent on such factors as the test site

location, the freguency of tests and the total number of tests in the program.
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Another factor in the determination ot estimated costs is whether tne launch
facility is a permanent or temporary installation. A test site located at
the Wnite Sands Proving Grounds (see Section 2.2) will be assumed to provide

a basis of the cost estimates.

Oxygen ard hydrogern are both available in the gaseous phase at
Amarillo, Texas, for $6.50 per thousand cubic teet, F.0.B. High capacity
compressed-gas transporters may be leased in Amarillo at a rate of’ sixty cents
per running mile with a stardby charge of $1L0O per day af'ter the tirst day.
Amarillo to White Sands Proving Grounds is approximately a 700 mile round-trip
so that the leasing charges for one transporter would be approximately $u420

plus standby charges.

Methane is normally sold and distribited in the gaseous phase. High
purity methane is relatively expensive, however, natural gas (90-95% methane)
is availavle in mos: areas at a low cost. The exact chemical analysis of the
natural gas used in a particular test should be established prior to performance
of the test. The same compressed-gas transporters would be used to deliver the
methane (nutural gas) to the test site. The total cost for methane (natural gas)
delivered to White Sands Proving Grounds is quoted at less than $10.00 per
thousand cubic feet for large quantities. (This cost includes standby compressor,
ard other miscellaneous charges.) Natural gas may be purchased at the pipe line
for approximately $0.83 per thousand cubic feet. The water content in natural
gas is very low and does rnot rejuire removal.* The natural gas would be tapped
from the pipeline, compressed and then injected into the gas cylinders. A
compressor may be rented for $1LO per day.

In tests requiring smaller volumes of gases it would be possible to
ship several gases with a single tube trailer. For example, in case No. 1,
the required volumes of oxyger, and hydrogen could be transported in one tube

trailer. Total costs for gases required for the tests would then be as follows:

-+
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ITEM cost

29,700 SCF of hydrogen (Case No. 1) @& $0.0065/SCF $ 194
22,300 SCF of oxygen (Case No. 1) @ $0.0065/SCF 145
Gas transporter lease charge, 700 mi. € $0.60/mi 420
Gas transporter standby charge, + days € $140/day 560
Compressor lease charge, 1 day @ $140/day __1ko

TOTAL $ 1,459

Liquid oxygen is availatle from Fontana, California, and the cost for a
quantity such as required for cace No. 2 delivered to White Sands Proving Grounds
is quoted at $1,890 for & full tanker load of 500,000 SCF. A truck tanker used
for temporary storage will coszt on the order of $20 per hour. Portable containers
are also available and may te more economical than the truck tanker for temporary
storage. The cost of leasing a vaporizing installation to convert the liquid
oxygen to the gaseous phase at & rate of 300,000 SCF per hour is quoted at $150
per week plus a setup charge of $2200. Also required for the vaporizer installstion
is a steam generator which is estimated to cost approximately $150 per day for rent
and operator plus approximately $2000 for setup and transportation. The vaporizer
installation used would have a nominal capacity of approximately 400,000 SCF per
hour in order to provide the required delivery rate (300,000 SCF per hour) with-
out "freeze-up". The cost of the gases and associated equipment required for a

test represented by case No. 2 would then be:

ITEM COST

241,600 SCF methane & $0.00083/SCF $ 200
(2) sas transporters, 700 mi. @ $0.60/mi/unit 8Lo
Standty charges, 4 days € $140/day/unit 1,120
Trick Tanker Standby Charges, L days @ $480/day 1,920
362,400 SCF 1iquid oxygen delivered to test site 1,890
Vaporizer lease charge, 1 week @ $150/week 150
Vaporizer setup charge 2,200
Steam generator lease charge, 4 days @ $150/day 600
Steam generator setup and transportation 2,000
Compressor lease charge, 2 days @ $140/day 280

TOTAL $11,200
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The pipe line used to transfer the oxygen from the storage units to
the balloon will be approximately 1000 fezt of 6 ineh diameter, schedule 40 steel
pipe. The pipe is fabrieated in'c standard length flanged headers to permit assembly
of the pipe line in the field. The eost for the pipe line construeted from A-52
steel is quoted at $5,720 as compasred to $42,900 for Type 216 stainless ste=l
construction. Stainless steel has the advantage of eliminating problems due to
corrosicn in the field. lHowever, for the difference in cost the A-52 steel
pipe line can be disascembled &nd cleaned in the field, if neeessary, after the
pipe line has be=n in service for a period of time. Remaining items for the
pipe line sueh as the diftuser section, pipe supports, field erection and trans-

portation are estimated to cost on the order of $4000 total

2.1.4 Instrument and Flight Control

This seetion of the study report is primarily eoncerned with the free ficld
instrumentation, flight control components arnd techniques required to support
the high altitude blast generation system. Free field instrumentation is required
to define the charaeteristies of blast phenomena at varicus altitudes. Measure-
ments are necessary to verify theoretical predictions and ground level exper-
imental results. The flight control components are the commend link, firing

circuit, flight safety components and tracking eomponents.

2.1.4.1 General Reguirements

The requirements in balioon flights are significantly different from
those normally encountered in other unmanned missile or aircraft instrumenta-
tion and control systems. Shcck and vibration requirements are virtually non-
existent in balloon flights. In this csse, however, shock due to the blast
wave is a consideration, although the majority of the data can be obtained
before the equipment encounters the shock wave. Normelly the shock specifica-
tion is established to cover that encountered in recovery impaet. A value of
10g to 15¢ is normelly used. It is recommended, however, that a value of 20g

be selected based on previous experience in balloon instrumentation progrems.

Temperature, humidity and altitude are the critical environment

factors. The anticipated range of values for these parameters is given below:
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Temperature: -70°C to +50°C
Humidity: O - 90 percent RH
Altitude: 0 - 100,000 feet

Balloon location is also of importance, particularly at detonation
in order to correlate predicted and actual free field bLlast effects, Tt is
expected that altitude will be known to T 200 feet.

Weight is an important factor since it dictates the minimum size of
balloon which cen be employed on any particular test. Weight should be held
at a minimum. 2 weight of 600 pounds total payload less balloon and ballast

has been selected as a maximum.

2.1.4L.2 Free Field Instrumentation

Free field dsta may be obtained in many ways. However, for the high
altitude blast generation system several restraints have limited the techniques
that may be used. Primarily, ~he system selected should be in existence and
made up of "off-the-shelf" components of proven reliability. This suggests

thet no approach requiring extensive development be considered.

The conventional techniques emplcyed in data collection are: (1) to
store data on-board; (2) teiemeter data to the ground; or (2) a combination of
both. Advantsges exist in each of the techniques. However, for reasons pre-
sented in Section 2.1.L.2.2, Data System Specifications, the on-board data stor-

age technique was selected.

2.1.L.2.1 Data Requireuents

The data reguirea to define the blast and shock environment is the
pressure-time history at selected points between the surface of the balloon
and a point about 200 feet distant. Since the blast wave for all practical
purposes is spherical in geometry, it can be adequately described if measure-
ments are made on a single radial lire. The most convenient is one along the
gravity vector. Over the range of altitudes and test conditions anticipated,
the pressure will vary from a maximum of 200 psi at the balloon surface to about
1 psi at 200 feet away, the decey being similar to usual exponential decays. A

minimum of 5 measurements are considered necessary over this distance. A
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greater number would, of course, erhence the reliability of the data acguisition
system. The freguency response reguirements depend on the local ambient pressure
and shock front velocities. Based on an altitude range of 20,000 to 100,000
feet and a maximum shock front velocity of 5,000 fps, a response of 20 kHz is

required to provide an overali ac_uracy on the order of 5 percent.

In adiition to the pressure-time histories, detonation wave time-of-
arrival measurements should be made within the balloon. The instrumentation to
make this measurement should have a resolution of 5 microseconds. This assumes
e detonation velozity on the order of 7,000 to 8,000 feet per second. Two or

more measurements within the opalloon are desirable

All of the above measurements mast be referable to an accurate time
base. Additionally, meteorclogical date such as static pressure and ambient

temperature at blast sltitude are reguired.
The above data requirements are summarized below:

Measurements No. of Channels Specifications

Time of arrival (2 points minimum) S5 Msec resolution
Pressure-time history 5-10 points (5 minimum) 200 to 1 psi; 20 kHz response

Ambient pressure Miltiplexed 0.1 to 15 psi; DC to 10 Hz

Ambient temperature Multiplexed -70°C to 450°C; DC to 10 Hz

Time-base reference 1 Time signal capable of resolv-
ing 5 usec.

The above data reguirements represent the minimum practical to obtain useful
information. It would be desirable, particularly on ecarly tests, to employ
two pressure transducers at each location for improved reliability. On-board

photographic coverage would be valuable as documentation of the event.

2.1.4.2.2 Date System 3pecifications

Due to the large amount of field testing taking place in this country,
a method of standardizing procedures became a necessity. In 1948, a standard
in the field of telemetry for guided missiles was established, commonly referred
to as IRIC (Inter-Range Instrumentation Group) standard. Other standards were

§ubsequently established and updated as the need arose. The obvious purpose of
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the standards is to insure interchangeability of hardware between ranges and
test sites, provide common data formats and timing, and to establish practical
accuracy and response characteristics for various modes of data handling. Con-
versely, having an accuracy and bandwidth requirement, the IRIG specification
will indicate the practicality of using a given approach in the collection and
processing of the data.

The significance of the IRIG specifications is obvious. The instrumenta-
tion requirements for the high altitude blast generation system are within the

areas covered bty the IRIG specifications. Therefore, to derive the benefits of
previous experience, GARD recommends that the instrumentation system shall be |
IRIG compatible.

The two applicable approaches covered by IRIG specifications are telemetry
and single carrier magnetic tape recording. For normal telemetry FM/FM propor-
tional subcarriers, even with constant bandwidth "C" channels, the nominal
frequency response is 1.5 kHz with 8 kHz a maximum available at increased noise
susceptibility and therefore less accuracy capability., However, for direct
record and single carrier FM, (operating at a tape speed of 60 ips in the
intermediate band) the response in the direct record mode is 300 Hz to 250 kHz
and in the FM mode the response is DC to 20 kHz. This band is the present
standard of the industry and equipment is readily available complying to these
specifications. In the direct record mode, amplitude accuracy is on the order
of 5 to 10 percent of full scale with standard equipment. In the FM mode
accuracies up to one percent of full scale are readily obtainable. For this
reason telemetry for time-of-arrival data and pressurestime data has been
eliminated from further consideration and it is recommended that magnetic

tape recording be employed. Time-of-arrival data should be recorded on a direct

record channel since high frequency response is required while amplitude accuracy
is not important. All other data (excepting reference frequencies) should be

recorded on M channels where both response and amplitude accuracy are a

v N
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requirement.
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2.1.4,2.3 Survey of Existing Instrumentation Systems

A comprehensive survey was conducted of instrument systems which
have been developed for the government. It would be desirable to utilize these
systems if a cost savings could be realized. It must be remembered, however,
that most of the systems have been hardened for nuclear environments or other
specialized functions and therefore, are much more sophisticated than required
for a high altitude blast generation system. The systems investigated and

discussed herein are:

§Z§EEE Development Agency
WETR 11 BRL

Northrup System HDOFL

EG & G Sandia

Blue Rock NOL

Banshee NOL

Spindrift NOL

DAQ-PAC AFWL

WEIR II - The Weapons Effects Test Recorder (WETR) is a general purpose
magnetic tape recorder system for use in nuclear measurements, It is specifically
designed to record during nuclear events. It is irmune to neutron, gamma and
EM radiation. This is accomplished by external shielding and low impedance
balanced inputs. The unit, designed for bunker installation, is large and heavy
and therefore rot suitable for airberne applications employing balloons or rockets
as the lifting vehicles.

The WETR has been developed and several units have been used in the
field. Performance to the specification has not been completely proven. There-
fore, the unit is undergoing product improvement development. The original
design employs a tape transport operating at 120 inches per second. The newer
units are using 150 inches per second to obtain the desired frequency response.
The WETR concept is being employed in other developments such as the Northrup
unit (described next) and AFWL underwater recording system. This unit is not
recommended for the high altitude blast generation system.
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HNorthrup Sy-tem - The ERL hardened missile-torne recording system is
preseatly in final develcpment by the Northrup Aircraft Corporation. The system
was designed for a higi level rediation environment and utilizes vacuum tubes

ac the active elements

The system ie based upon a li-channel magnetic tape transport having
cheracrterietics very similar to the WETR unit., A difference is that the

transducers are suppijed as par® of the system.

As mentioned sbove the unit is etill in the development stage. It
employs about 900 vac.aum tubes which limit the shock level without protection
to about 15g and requires a large power supply. Being a nonstandard system,
a large amount of ground support equipment is required including an 8-ton air
conditioner for cooling on the ground. The unit is not recommended for the
high altitude blas*t generaticn application.

Edgertor,, Cermeshaucer and Grier Data Recording and Telemetry System
(BG & Gl - The EG & G system is a missile-borne instrumentation canister capable
of tape recording and subsequently transmitting seven channels of data to a

ground station. The data is recorded on a seven channel tape record/reproduce
system. It then is sequentially reproduced, onc tape channel at a itime, and
trarsmitted to a ground stetjon via an S-band telemetry system. The combined
systems have a bandwidth ex*ending from dc¢ to 250 kHz, and an instantaneous
signai-to-noise ratio of 26 db per channel, ninety-nine percent of the time.

The entire system has teen built into a 9-inch diameter canister
capable of being torne aloft on any one of a family of 9-inch sounding rockets.
Following data acquisition, the canister is separated from the spent booster and
a drogue parachute is deployed in order to obtain the longest possible data
transmission time

The data is recorded on a seven channel magnetic tape record in FM
format operating at 120 inches per second. A center frequency of 750 kHz 1is
employed to provide the frequency response of DC to 250 kHz. Maximum data
recording time is 11 seconds.
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The EG & G unit 1s a record and telemeter system and is still in
development to improve performance primarily with respect to environmental
specification. For use on a high altitude blas* generation system, extensive

modification would be required and theretore is not recommended.

NOL Biue Rock System ~ The NOL Blue Rock instrumentatior system is a

seif-contained lh-channel magnetic tape recording system capable of storing
approximately one minute of continuous data. The missile borne unit is of
hybrid vacuum tube, semiconductcr design with semiconductors being used only
in the least critical circuits. The system is complete with transducers, most

of which are of NOL design

On channels employing active sensors, the transducers form an integral
part of the electronic units, i.e., the transducer, signal conditioning amplifier
and record amplifier are matched and calibrated as a single unit commonly
referred to as a bridge oscillator circuit. Frequency response is on the order
of D.C. to 20 kHz.

Tre system lends itself to the high altitude blast requirements
insofar as channel availability end frequency response requirements are concerned.
The existing package layout is compatible with the high altitude blast require-
ments and the programmer could be modified to perform the required functionms.

Two problems do exist however. First, since the unit is in test and cvaluation,
the availlability of this system is not definitely known. Second, as mentioned
atove the signal conditioning amplifiers are such that the transducer forms an
integral part of the amplifier. Eaclk amplifier must be metched to the individual
transducer and the amnlifier should be located in close proximity to the
transducer. Program requirement of 100' to 200' distance of the transducers
from the instrument minimizes the usefulness of these amplifiers. Also it is
expected that piezoelectrin transducers may be used. If this is the case,

corisiderable development would be required.

Banshee - Project Banshee (Balloon and Nike-Scaled High-Explosive
Experiments' employed several instrumentation canisters developed by the General
Electric Company under the direction of the Naval Ordnance Laboratory (NOL).
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The system which consisted of four instrument canisters and a control and
instrument package, has been successfully proven in the Banshee program. Each
canister contained various transducers and signal conditioning amplifiers. The

magnetic tape recorder and programmer were located in the instrument package.

‘ Although the Banshee instrumentation proved adequate particularly in
the later tests, discussion with memters of NCL have concluded with a recommenda-
tion that it not be used on the high altitude SLEDGE. GARD concurs with this
recommendation. The system employed several nonstandard frequency channels
scme of which were multiplexed. This approach contributed to noise in the system

making dat~ reduction difficult. Also the costs to fabricate are moderately high,

Spindrift - Spindrift is a program presently in development at NOL.
Detailed information is not available on size, weight and performance charactere
istics. The system employs Schaevitz-Bytrex pressure transducers and has a
bandwidth capability of O - 5 kHz recording in FM analog mode on magnetic tape.
NOL feels that this system can be incorporated in the high altitude SLEDGE. 1
Considering the 20 kHz bandwidth requirement mentioned earlier, GARD does not '

feel that this system would provide adequate data accuracy. 1

DAQ-PAC - DAQ-PAC is a complete self contained portable data acquisition
system developed for the Air Force Weapons Laboratory by GARD. The unit is

radiation hardened. It was developed for close-in,above ground nuclear testing. i

It is fully developed, has teen tested and has met or exceeded every design

types and analog recording formats. The DAQ-PAC is basically a two part system

specification. All units are plug-in modules allowing the choice of transducer |
comprising: (1) preamplifier units providing excitation voltage for transducers, !

preamplifiers to provide adequate signal levels for recording; and (2) an analog
magnetic tape recording system fcr recording in both direct and FM format per

automatic calibration, bridge balance, bridge completion and balanced differential l"
IRIG specification 106-66 |
3

DAQ-PAC is directly applicable to the high altitude SLEDGE require- ‘ﬁi
mernts. It is compatible with any of the transducers presently available or may 1

become availabtle in the near future. The weight is 275 pounds including an 1
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overpressure protection shell. The electronic section alone weighs 55 pounds
when removed from the shell However, features incorporated to withstand the

nuclear environment has made the DAQ-PAC high in cost.

Of the instrumentation systems described only DAQ-PAC and the NOL
Blue Rock units are adaptable to the high altitude blast generation system., The
other systems are either in development, have limited frequency response
capabilities or are not adaptable to balloon borne applications. Neither the
DAQ-PAC or Blue Rock systems are recommended, however, due to the large costs

involved in fabricating these systems.

2.1.4.2.4 Component Investigation

Several manufacturers supply components which can be readily assembled
into a system for balloon-borne instrumentation. As mentioned previously, the
advantages of complying with TRIG specifications are many; thus the components
discussed will be IRIG compatible. The typical instrumentation channel is shown

telow:
Signal Record Record
Sensor |—» Conditioning Amplifier Track
Amplifier ‘
4 Excitation
L_-d and/or
Calibration

The configuration shown above is oriented toward analog magnetic tape recording
but can be applied to any type of storege media or format of storage depending
upon the type of signal conditioning unit and storage amplifier employed.

The components available to implement the instrumentation are
described in the following paragraphs. In each cése many manufacturers were
contacted for information but only those components which were deemed most

applicable are discussed.
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Sensor Investigatiorn

Some 14 manufacturers of *hose contacted supply pressure
censors uscaktle on the high altitude SLEDGE program. Many of these were
eliminated due to low resonant frequency (low response) and/or the stringent
temperati.re specification. Although the sensor may be packaged in a heated or
thermally incsulated package, transducers are available which can meet our
reguirements without special packaging. We have taken the latter approach and
selected *wo manufacturers for further consideration: Kistler Instrument
Corporation and Schaevitz Bytrex. The manufacturers specifications are given

below:

Schaevitz Bytrex Model HF-100 (Piezoresistive)

Nat. Freq. Lo - 60 k¥z

Lin. % Hysteresis 1%

Thermal Shift C.0l%

Thermal Sensitivity C.01%

Shock 0.002%/g

Temp. Range 55°C
{ccmpensated’

Operable -55 to +150°C

The Schaevitz Bytrex gage can be compensated over a range of
55°C at any operating temperature. Therefore, it is possible to obtain a
gage compensated for a range of -55°C 1o + 0°C ambient operating temperature.
Two disadvantages exist in the use of the Schaevitz gage: (1) the natural
frequency is lower than desirable, particularly in low range pressure gages,

and (2) a separate signal conditioning amplifier is required.
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Kistler Piezotron Model 203L (Typical)

Range Full Scale
Linear Overrange
Sensitivity at F.S.
Resolution (noise)

100 psi

1000 psi

10% .2 mv/psi
.02 psi

Linearity Deviation : 1% F.S.

Rise Time 0 to 90% 1 microsecond
Thermal Sensitivity Shift + .02%/°C
Acceleration Sensitivity .002 psi/g
Output Impedance, Nominal 100 ohms
Temperature Range <75 to + 120°C
Vibration 5 - 2000 cps 1000 g's peak

The major advantage of the Kistler gage is the built in signal
conditioning amplifier which reduces the noise susceptibility when used with
long signal lines, The major disadvantage is its susceptibility to transient

thermo-pulses which could contribute to inaccurate pressure decay data.

Several shock tube tests were performed by GARD on the Kistler
Piezotron Model 203L and the Schaevitz-Bytrex transducer Model HS-100.
tests have shown that the Kistler gage is susceptible to transient temperature

Early
pulses. In working with the manufacturer it has been found that a coating can
be placed on the gage face which will make it essentially immune to the thermal
effect,
dynamic calibration is difficult in our shock tube due to the ringing effect.
As can be seen in Figure 2.1k both the Schaevitz-Bytrex and the Kistler gage

Although the gage appears to be satisfactory in performance, actual

exhibit pronounced ringing. The ringing is at a much higher frequency on the
It would be desirable

on early tests, to use both transducers to determine which one would perform

Kistler gage due to its higher response characteristics.

more satisfactorily.

30




GARD has performed extensive testing to derive a successful
technique for detonation wave time-of-arrival data within the balloon. A
breakwire approach was abandoned early since it was difficult to distinguish
a distinct wire break from shunting by the ionized gases. On occasion a
broken contact was reclosed by the detonation wave obscuring the original
break data.

Most of the subsequent effort was oriented toward printed
circuit gaps for measurement of the ionization front. These were very success-
ful particularly with gas mixtures at atmospheric pressure, Reduced p:essure
tests performed at BRL showed that the signal was not as pronounced as signals
at atmospheric pressure. In some tests a Schmitt trigger was used to generate
a pulse from the signal as the wave passes each gap. This approach provides
more readable data but affected the accuracy of the data. An analog recording
of the raw data offers a better approach, but requires interpretation in data
reduction. A modified printed circuit providing alternate positive and negative
pulses is recommended to improve the definition of the wave front.

A typical sensor strip is shown in Figure 2.15. Sensors are
located at 5 foot intervals along a 2 inch wide printed circuit strip. Even
numbered sensors are excited by a positive voltage and odd sensors by a
negative voltage, As the wave front passes the sensors, alternate positive
and negative pulses are generated. This approach minimizes the problems of one
signal masking the next signal due to a slow decay rate, The sensors would be
excited with M 3 volts to minimize the possibility of detonable gas ignition
due to sensor excitation. The signals are summed as shown in Figure 2.15
and recorded on a direct record channel on which the fiducial signal can also

be recorded.

Analysis of free field effects requires a knowledge o:" the
meteorological environment at the blast altitude. This requires the measurement
of ambient air pressure, temperature, and relative humidity. These parameters

should be monitored over the following ranges:
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1. Pressure-Altitude: to 10 mb (100,000 ft.)
2. Temperature: to -58°C
3. Humidity: 10% to 100%

The acquisition of meteorological data can be accomplished with
conventional transducers, as part of the instrumentation system, recording
temperature, pressure, and humidity. This approach offers several advantages.
First, the data is recorded on the same tape as the blast data. Second, all
or a portion of the data may be transmitted to the ground. Third, since the
data rate is slow it can all be multiplexed on a single tape track. A typical
multiplex system is shown in Figure 2.16. In the interest of economy, one
instrumentation amplifier :s used which includes built-in excitation voltage
and calibration. All three sensors are energized in parallel from the excitation
source and all outputs switched into a single amplifier by the multiplexer. With
this approach each bridge circuit is selected to provide output signals of the
same order of magnitude, This also lends itself to a common calibration scheme
as shown in Figure 2.16, Data identification is accomplished by recognition of

two open segments in the data stream.

As an attractive alternative, standard meteorological radiosondes
are in every day use by both the Weather Bureau and the various military services.
The radiosonde consists of a compact radio transmitter, complete with antenna
and components for measuring pressure, temperature, and humidity, and a means
for modulating the transmitter., Pressure is measured by means of the displacement
of a contact arm mounted to an ancroid element. Temperature and humdity are
measured by virtue of their effects on special variable resistance elements which
control a blocking oscillator and modulate the carrier frequency over an audio
range of 10 to 20 Hz. The pressure element also acts as a switch to alternately

connect the temperature and humidity sensors in the circuit.

Radiosondes are available for operation at several transmission
frequencies, including 72.2 MHz for shipboard use, 403 MHz for use with SCR-658
ground equipment, and the meterological data channel at 1680 MHz compatible with
the AN/GMD-series rawin sets, All of the ground stations use a radiosonde recorder,
such as the AN/TMQ-5, for data presentation.
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Commercial radiosondes have nominal ranges of 1050 to S millibars
for atmospheric pressure, temperature from + S0°C to -90°C, and 10 percent to
100 percent relative humidity. The overall probable error in pressure measure=-

ment of present units 1s:

+
-« 1 mb at 1000 mb

s

3 mb at 5CC mt

1.5 mb at 100 mb

1.5 mt at 10 mb (100,000 feet)

-+

The cverall probable temperature measurement error is about

+ +
- 0.5°C., and the probatle humidity error is - 2.5 percent.

Signal Conditicning Amplifiers

The signal conditioning amplifier performs the function of
metching the transducer to the storage media through the record amplifier. In
analog recording it is normally a straight voltage or current amplifier to
raise the sensor signal to a high enough level to drive the record amplifier.
The primary data, pressure-time, requires both low frequency and relatively
high frequency response. These responses are best obtained from DC amplifiers.
Many types of DC amplifiers are on the market for this purpose. Furthermore,
many manufacturers provide amplifiers with associated excitation supply and
automatic calibration capability. The latter type considered here are available
from Honeywell, CEC, and Endevco. One major disadvantage of these units is that
they operate from 115 volts 60 Hz power sources which are difficult to use in
balloon testing. Two amplifiers more directly applicable to balloon instrumenta-
tion are DAQ-FAC DC amplifier Model 1062 and Genisco Technology Corporation
Model 23-150 DC amplifier. Specifications of these amplifiers are given below:

DAQ-PAC Model 1062 Amplifier

Input 4+ 0.005 volts for + 2.5 volts output
Response DC to 20 kHz =+ 0.3 db
Bridge Excitation 0 - 10 volts DC 1 watt
Regulation t 0.05%
33
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Genisco Model 23-150 Amplifier

Input ¥ 0.025 volts for 3 2.5 volts output
Response DC to 20 kHz = 0.5 db

Zero Drift $ 0.1% in 24 hours

Zero Drift 2 uv/°F referred to input
(temperature)

Excitation Output

Voltage 5«20 v. DC @ 45 ma.

A listing of these and various other amplifiers appears in
Table 2.1.

Tape Recorders

The prime concern in the sclection of a recorder is to obtain a
small light weight unit which can perform in a field test environment. Although
this study is concerned with a minimum requirement of six data channels plus a
reference track, a 14 track recorder is recommended to allow for expansion.

The added cost for the additional tracks is very small,

Single carrier FM recording is considered for all data except
time-of-arrival which requires high frequency response. These data will be
recorded on a direct record channel. All systems considered are IRIG and
consist of all necessary record electronics and reference oscillators. Of the
27 manufacturers solicited, four have been selected as possible suppliers for
the WABGS. A summary of these four appears in Table 2,2,

Additional Circuitry

In the makeup of an instrumentation system certain peripheral
components are required to insure a logical sequence of operation and as an aid
in data reduction. These include a programmer or sequence control device,

reference signal generators and a method of providing a fiducial signal.

In most cases, unless one complete system meeting the requirements
is available, the programmer and other related components are fabricated to meet
the functional requirements. Therefore, no attempt was made to obtain an off-

the-shelf components. The typical programmer sequence would be as follows:




T-5 minutes “ Warm-up power on

T-6 seconds “ Calibration cycle - all units on

T-1 second - Back-up signal - all units on,
back~up release of calibration relays

T-0 = Fiducial signal

T + 5 seconds Post calibration cycle

In addition to the programmer, one‘track of the tape recorder should
be allotted 1o a time reference for data reduction., Stability is the criterion
for the reference oscillator for which 50 kHz is the recommended frequency as a

monitor of tepe speed variations.

Flutter compensation is required and can be obtained by recording
a 108 kHz signal on one track. Upon reproduction an FM reproduce amplifier
using this signal, generates an error signal for data compensation. Compensation
can be accomplished durirg data reduction, At large data processing facilities
the flutter signal can be applied directly to the data reproduce amplifier for

automatic compensation during playtack of the magnetic tape.

Power Subsystem

As in any instrumentation scheme, electrical energy is required
to power the various components of the system, This summary of energy sources
indicates that the power requirements for the high altitude blast generation
system is well within the capability of chemical batteries.

Electrochemical batteries for Aerospace applications can be

classified in one of two ways:

g Primary batteries, which can be stored in a charged
condition or activated by filling with electrolyte
immediately prior to use, and are employed for short
term or "one shot" application.

2. Secondary or storage batteries, which can be recharged
from a source of electrical energy and are subjected

to repeated charge and discharge.
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Choire of one of the two types is, of course, based primarily on mission
duration and/or necessity for recharging. The most critical requirement of
the blast simulation program is the successful acquisition of free field data.
Minimization of the probabiiity of battery failure through one-time use, plus
simplification of auxiliary circuitry by eliminating charge control, are
very desirable, Therefore, on the basis of potential reliability, a primary

battery system is preferred.

Sealed nickel-cadmium batteries are at present the only type of
electrochemical power source which have been extensively used in aerospace
appiications. To date, more than 75 percent of NASA's satellite programs
have utilized Ni/Cd secondary batteries. Aside from a high confidence level,
the major advantage of Ni/Cd batteries is their long cycle life. They have the
capacity for tens of thousands of recharge cycles. On the other hand, however,
their energy density is very low. The energy density is more than a few watt-
hours per pound when control circuitry and packaging are taken into account,
Although discharge capacity is degraded at low temperatures, Ni/Cd cells are

the least sensitive of the three types that are discussed herein.

The silver-zinc battery offers the highest energy density of any
primary battery system commercially available; it can also be used as a secondary
or storage battery over s limited number of cycles with a corresponding reduction
in energy density. This battery has excellent reliability, highk energy per
unit volume, and can be discharged at very high rates with good voltage regula-~
tion. Low temperature performance, however, is quite poor. Ag/Zn Battery
systems have been used extensively in missile and weapons applications requiring

high capacity primary power coupled with good environmental tolerance.

The silver-cadmium battery is a relatively new development,
having seen limited application in aerospace systems. It offers a compromise
between the long life and low energy density of the nickel-cadmium cell and
the high—bapacity, low-cycle life of the silver-zine battery. 1In addition, it
possesses certain electrical characteristies which simplify power control
circuitry in secondary battery systems. The Ag/Cd cell also suffers from

degraded performance at low temperatures.
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It 15 recommended that nickel-cadmium batteries be employed as
the primary power source, In tests involving low yields at high eltitudes
where weight is a predominant factor silver-zinc cells should be employed. 1In
the interest of reliactility individual battery packs should be employed to the
greatest extent, recognizing, however, that a failure of the main battery pack

would recult in a complete locs of data.

2.1.k 2.5 Summary

As a mirimum, the following data must be recorded to define the

characteristics of the blast phenomena at various altitudes:

Shock wave pressure-time history S points
2 Petonat ion wave time of arrival 2 points minimum
Ambient pressure, temperature,
and relative humidity.
It is recommended that the data te stored on a 1k track magnetic
tape recorder complying with the IRIG specifications for operation at 60 inches

per second in the intermediate frequercy band. The recommended channel allocation

follows:
1. Pressure time history - 5 channels FM record
de to 20 kHz
2. Time of arrival - 1 channel direct record
300 Hz to 250 kHz
3 Ambient tressure - 1 channel - FM record
multiplex input DC to
Amcient temperature 20 kHz
Payload temperature
L, 50 kHz reference . 1 channel
5. 108 kHz flutter reference - 1 channel
6. Spars - 5 channels - M record
DC to 20 kHz,

None of the ~xisting government sponscred systems are recommended
primarily due to cost, The recommended recording system is a Genisco Tape
system Model 10-110. Transducers, preamplifiers, a programmer and battery must
be added to the Genisco System. The recommendations for these items are given

below:
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Trarsduicers

fFres ~Tine - Ktstler Freozotror Moiel 203 L
glternate Schevitz Bytrex H.S, Serles

Time of arrival - printed circui~ per Section 2.4,.1.2

Temperature - ~hermistor

Ambiest pressare - CILC Moael 4-32¢

resmplifier (1 required’

10
L e

Ger.isco model 23-.150-!

Tatricated rer Section 2 1.L 2.4,
Hstver

Mickel Cadmium
Tr.e ccaplete syctex s srowr :n Figure 2.17.

Metecrolcgicai de*e sho.ld be otigited by carrying e rediogonde
axcery *he fligh® “reir. I * {g recosmended the® the seme dete ce recorded on
orie tracy of the tape recorder slcng wit’ °he instrumentetion pacrege *empera®ure,
On the early fligh'e 1% 1s recommerded *ha’ a csmers be carriecd to photogreph the
event .

2.1.8.3 Fiighe Gostro:

Tre pricary link 1o costrol of tre tallicon {6 the commari receiver
located o e bslloon package snd °he command trensei*ter loceted st o grourd
control éite. All gro.nd ccsrends sre *rantaisted via this lirnk. A ple
commende 8re recessory with #ix ceing *te ririm.e considered preciical. Tresc
are: payload 2 .*404n; taliies: drop; (nstc smenta® ion wvermup; hormai detcration;

toackup detonetior; and emergercy de oneting

In mnadition, or-ccard tackup nefety controis sre algo desiracle
Ageirn ss o minimuz *he fo.lcwing arc desirescle: Low Altitude Terminetion -
1¢ *he talloon descends belov 5,CCO £ detonrsiion (& eutometic; Migh Alvitudc
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Termination - upon clearing the detonation altitude and detonation fails the rlight

train is cut loose; High Altitude Detonation - detonation upon clearing normal

detonation altitude:. Time Detonation - normal detonation based upon rlight time

Emergency Tired Detonation - timed detonation upon failing to reach altitude in

prescribed time interval: Emergency Timed Termination - timed paylcad cutdown upon

vailing to reach altitude before specified time. ‘
Telemetry is not a necessity but offers a return link from the balloon

to the ground., Unless altitude is %0 be determined by tracring equipment, ambient

pressure data or altitude should be sent to the ground. If a telemetry link is

provided, it is @ simple matter 20 also verify receipt of commarde transmitted to

the balloon. Also, i altitude data is transmitted to the ground, the masin purpose

o the tracring equipment would be reduced to monitoring balloon location for safety e

and recovery. Therefore, the accurscy thet is required of the tracxing equipment

ould te reduced.

2.1.L.3,1 Coamsnd Control System

The comrand control gystem provides the ccmplete control of the belloon
flight from launch to0 recovery. A functional blocz diagram of the typicel system .
ig shown in Figure 2.16. The essential elements sre the command receiver, decoder
which provides contact closures for esch of the functions as tramsmitted to the
balloon, the aneroid pressure switches which are used ss passive safety devices J
ir, case trens=ission {g lost t0 the btalloon, and the mechanical timers which time
the ' ight from launch 0 insure clearance to sltitudes and detonation within the
proper time limits. The commend receiver and seiector operating together and
utilizing four properly time sequenced tcnes out of s total of seven availadble tones,
allows the gelection and eventusl energizing of any one of nine available chsnnels.

The receiver requireg two tones out o three availsble in order to activete one
o three channels. This chennei output, together with & third ton2 chosen from
an edditional three available tones, goes to the relector, and selects one of
nine posgibie channels. A fourth tone, the seventh svsilable tcene, to the gelector
is necessary ir order to energize the Cinally selected chennel. This combination
o tones plusg time provides the degree of security necesssry to insure ageinst
spurious signals activating a criticel commend chenrel.

Shown on Figure 2.18 are typical arrangements for the relay and switch
closures to provide the proper functions. In the normal operating sequence s
sigral would be sent on chennel 3 for instrumentation warmup approximately five
minutes before detonation. This signel through relay closure K3 would turn on
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the instramentation. Approximately six seconds betore detonation, a signal would

ol centact K5 to initial the normal

47

be sent up on channel 5 causing & closur
detcnation program In the instrumentation program six seconds would ve required
for calibratior, after which a signal 'would be transmitted tc the tiring circuit
to detonate the valloon. Depernding or the mode o! operation, the calibretior
seqilence aid aetonation can ve initiated through S3 or S4., If the procedure is
to dutonate the valloon as it passes *hreough detonatior altitude, an aneroid
switch will close 53 upon obtairing that altirtude, ard initiate the instrumenta-
v1or, cycle., A time detonation would .se the same §rocedure, however, 54 would
iritiate the cycle, Channel ¢ 1s added as a vackup. In case ot tailure to
dutorate at the proper tire, a signal can be se! up cn channel 6 to close K6,
{ritia’ing the instrumercaticr and energizing *ne firing circuit. Emergency
detonation can take place inrcugh energizing Kb on cnarnel b or §5 f'rom the

ems.rgency-Ltime.2etonation circuir,

At any time during the light, ballase may be dumped by energizing
cnarnel 1, closing relay cortacr Kl. Ballas' 1s also dumped on a normal detona-
ticen by a signal f'rom the firing circuit through a two second delay. If an
emergency exists where by the balloon canno® bte safely detonated, the payload
may be cut 100se throusgh ary one of' several means. The payload car be cut down
by transmi’ting the sigrai on cnannel 2, or f'rom the high altitude termination
areroid, or from the emergercy time termination through S6.

All “he components to implement the command control system are readily
availatle and relatively tneapensive with exception of the coumerd receiver
and dacoder. A search wis made, tneretore, for a command *ecceiver, decoder and

rassaitter systam for ude On *he program. Three sich units appesr !r. Table 2.3.
ArOtner a*tracs.ive urit was deve.oped by the Zerith Radio Corporation tor the Air
Forre Camtridge Fesecar:n Laborainries  This uni® has a :apability of' nine
cnannels operating on e two tone ‘ransmitted signal. Unfortunately, Zenith
only grovidag the receiver and decoder; ro trancmitter is aveilable for use
wjth *hie gytem. The °0re g=naratcr and transeitter were develogped by AFCRL
as an "1nenouse” projec: This cystem nas proven reliable on vhe Banshee and other
talloon programs in which AFCEL nas participated. This makes it very desirable
for use on the hign sltituds: SLEDGE progras.
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2.1 k.32 Detoration Circuits

Tre detonation (or firing) circai® ignites the explosive gas mixture
upor receipt of a proper firing signal. A typical circuit can be seen in
Figure 2.19 The explosive gas mixture 1s ignited by a blasting cap which is
actuatecd bty an electrical sigral derived from a relay ciosure, Two completely
independent civcuits are employed to add redundancy to the system as a safety
factor 0 [ns.re detonation As can bYe¢ seen in the figure, the two firing
relay: X1 and K2 can te energized frem any one of three signals. In a normal
firing sequence, a cigral 1s sent from the instrumentaticn program immediately
following *ne calibration cycie. Irn case cf fallure of the instrumentation

program, a cackup fiving sigrnal is available. This signal is applied to a one

cond pyrotechric delay circuit. The one secornd is used to allow the instrumenta-

tion tape recorder 1o ge*. up tC speed before detonation of the gases, If the
occa:fon sroula arise that the pallocn te detonated in an emergency condition,

a sigrel {c obrained from either *he anernid pressure switch or the btackup timer,

Trie wiring to the tiasting cap is rather conventional with a twisted
pair of leads leading fron a palr of C type corntacts up %0 the blasting cap. In
*he rormally de-energized position of the relays, the blasting cap is shorted out
ty one leg of the relay contacts to keep the balloon and blasiing cap at the same
potencial. Wnen the relay is energized the contact moves 0 apply battery power
to *ne vlazting °np. Eack blasting cap is operated frcm a cozcletely independent
circui® and each has {ts cwrn barcery s.pply for firing the cep. Sixteen D size
alknline taveriec are .scd *0 detorna*ec each cap. Relay contact K1B are used to
blos a small fuse for verificasion cf receipt of the firirng signel. The extre
contacts on the relay K2 are .sed *o dump tallast after *he completion of the

ralioon aeor.a’ ion

The ever® or fiducial marke:r is ob°ained by a twisted pair of leads
Wrapped orn the ciasting cap Tre leeds ave termineted in the time-of-arrival
printed cirzult sirip. The signal is recorded along with the ¢ime-of-arrival data

on *he came *rack

Ll
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A standard electric No. 8 blasting cap ras teen used on previous
experiments. This cap has proven sa*isfactory for high ambien' pressure tes*s.
However, a' reduced ambient pressures a boc:*er was added *to insure detonation
of the gases., The expected firing time is abour *hree wmilliseconds from

activarion of tre relay contact to detonatior of *he cap.
2.1.b.4 Telemerry System

Altitude can te determirned more accurately on toard the balloon.
Since pressrure (alvit.de) is a slowly changing parameter, very little bandwidth
is reguired. Therefore, pressure, temperature and a numter of other low frequency

functions can te transmittea cr ore infcrmation charnel to ground

Tre same channel can be .sed 0 verify receipt of command signals
As with *he recording sysem, an IRIG compatitle system {5 recommerded., AFCRL
has a command system availatle wi*h a re*urn communication link which can transmit

pressure data, a fligh* identification code and a CW cigral used for *racking.

In lieu of a telemetry system, a radiosonde may bte used as described
in section 2,1 4,2, Al-hough it lacks the capatility of adding any additional
information, it is a relatively irexpersive devize and may te rcadily incorporated
into tLe system. It hLas *he added advantage in that it may be used for obteining
tracking dota when used with the Rawin system as will be descrited.

c.l.b bl Trecking Regiiremerts

As sr*ated previcus:y for correlation of predicted and actual blasg®
effects +he aititude of *'c btailoon system should be krown to within - 2C0 feet.
The selection of a tracking systes depends alec on the target ‘o be tracked
Deperdirg on 'ow information ie¢ provided *o *he tracker the *arge: (s termed
active or passive. A passive ‘arge* merely ac's as a reflector for ground-
originated tracking signale, wnile ar astive targer emits intelligence either
in the form of snsverirg signels to an f=terroga®inn from the ground :*atjon,

or as teecorn signale generated oy the rormel opera® lon of the target.
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The rext few paragraphs discuss the operatior and performance character-

istics of several device:s or systems potentially useable for high altitude belloon

tracking. This discussion is followed by a summary of the various apyroaches and
censideration of avaiiable tracking equipment at several instrumented missile or

talloon test ranges.

2.1.4.4 2 Radar Tracking Systems

Tre primary function of an instrumentation radar is to provide tracking
information for determining the flight path or trajectory of an airborne vehicle,
Two modes of *racking are employed by rarge radars: skin tracking and beacon
tracking. 1in skin tracking, the rader output pulse signal is reflected from the
target and picked up ty the sendirg/receiving antenna of the radar. The maximum
rarge of *his technique is limited ty +hre radar cross-section of the target. It
las thre advantage, however, of no° rejuiring an airborne transponder. In beacon
*racking, the radar signal 1s uced to interrogete an airtorne teacon, whieh sends
tack B8 p.igce to *he grourd radsr at a slightly different frequency from the
transmitted pulse., Tnis concept greatly increases the accuracy of the radar and

of+en exverds *he .seatle range ty a factor of four,

Tre AN/FFS-16 rader is s high precisior C-band monopulse tracking radar
decigned specifically for miscile range instrumentatior., It has the capability
©o: gputoma*jcally followling & movirg targer and providing precise, real-timo
digital informa*ion or azim.°L, cleve'ior, and slant rarge. The FPS-16 can
opera~e I either the skin or reacon track modes. It will skin track a one
sg.ere metrer target to a8 range of 200 miles; beacon tracking rangsc for standari
cerfigurations :c approximetely 60C miles. Nominal instrument accuracy of the
FFS-160 i¢ 2l to 15 yards in rarge, and 1 0.2 to C.3 mil in azimuth and elevation,

Tre ucs.el FPS-16 instellatior will provide elevation coverage dowr to
1C®. De'a, however, are genersliy not relisgble below + 3°, since m.ltipath
transmiseion and grourd effecte cen introiuce iraccurazies. This protlem can
be eliminatea tv *ying tre radar into ar optical director, boresight cemera, or
other vic.al tracking device.

43

NI 2 TSN RS
il

P

el



Although *he FFS-1€ 15 available at most instrumented test ranges, 1% y

is evident that ivs potential for .se with a semi-trarsportatle tlast simulation
facility is limited. Fowever, a mul®i-trailer mobile version, known as the
AN/MPS-25, has been developed and is availatle in limized numbers at most of the

more well equipped *est sites, s.ch as White Sands Missile Range, New Mexico.

Parge radars with more ]l imited availability can provide tracking
accuracies ranging from i 25 yard:s ir range and ! 1 mil in angle for the AN/MFQ.12
and AN/MFQ-18 (modified SCE-:84) S.-tard tracking radars, to -2 yards In range and
: 0.2 mil in angle for the TRADEY 'Tracking Resol ion and Discrimination Experi-
ments) system on the Fazific Micsile Rarge at Kwalalein A*oll in the Marshall

Islands

2.1.L.4,3 Corrin.0ue Wave Tracking System:

Cor* in.ous-wave /CW) tracking sys*ems prcvide righ accuracy data cn
vehic.e position during tlighkt. Withcu® excepticn, trese systems require the
5e of an airrorne transponder or continuous-wave csignal source, such as @
telemetry RF carrier, to determine vehicle position, The principal advantage of
CW tracking systems is “hat they -an operate a* lorg rarges with much greater
precisior than otrer redars. On *he other hand, closely aligned fixed ground
sta*ions are usually requireia, and reauction and presentation of posi‘ion

information may pcse data rardlirg difficulties

Trne DOVAP (Doppler Velosity and Position) eystem consicts of a ground
refereace transmi*ter, a freq.ency do.tling airborre trancponder, and a numter
of remote ground receivers where *he reference and returr freguencies are
compared ari *he Doppler fregquency ex*ractel end relayed tc a centrally located
da*a prccessing facilicy Tvpices! transwi:*ter and traneponder frequencics are
36.9 and 73.8 M4z, recpectively. Fosition accuracies 0 : C.4 feet can te

ttaired urder prcper operating corditions using a8 large r.mter of DOVAP recelver
svatiore
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2.1.L.4 4 Optical Trackers

Included in the optical systems of tracking instrumentation are the-
odolites, telescopes, ballistic camrras, and several other types of modified
cameras. Pecause of the relatively low speed requirement for a balloon tracking,
this discussion will be limited to tracking telescopes, low-speed cameras, and
theodolites. Of these, only the theodolite is truly a tracking device. Tele-
scopes with integral cameras and medium toO long range cemera systems are used
alm st exclusively for acquisition of altitude, ascent rate, and events data

only.

The % - c theodolite instrument has been used for years as a surveying
device. Manueally operated theodolites can provide azimuth and elevation data

for low altitude talloons, tut positional accuracy is quite limited.

The cinetheodolite (also known as phototheodolite) is & specially
designed device for determining test vehicle trajectories., Two or more the-
odolites, placed at known distances from each other, measure and record on film
the azimuth and elevation angles to the target. The space position of the
target can then be computed from the vase lengths and angle data., Time
synchronization is usually provided by electrical pulses from a central timing
station.

Position data accuracy of a cinetheodolite tracking system varies
from ? 2 to 5 feet for altitudes up to 25,000 feet, : 10 feet from 25,000 to
50,000 feet, and M 20 feer from 50,000 to 60,000 feet., Accuracy deteriorates
rapidly when the elevation angle exceed TO degrees, Measurement of position
data atove 50,000 feet are difficult, if not impossible, with currently available
cinetheodolites.

Op*ical tracking is limited to daytime operation under relatively
cloudless conditiors. Nighttime use requires an airborne light source or
optical teacon, Further, some form of geometric pattern or target on the balloon
system may be required to assist in daytime tracking at high altitudes,

Although the cinetheodolite possesses limited range end elevation
capatility, it represente an extremely useful low altitude element in an overall
tracking system configuration,
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2.1.4.4,5 Radio Direction Finding Systems

The primary function of a radio direction finder (RDF) is to determine
the azimuth and elevation angles to a radio signal source. This is accomplished
using a sensitive receiver and highly directional antenna; angle bearings to the
target are read off the calibrated antenna mount. As applied to airborne targets,
the major disadvantage of an RDF system is the necessity for an on-board signal
source or beacon. In addition, angular accuracy is somewhat lower than for radar

tracking systems.

There is, howevar, one fact which makes RDF tracking attractive; a
meteorological data acquisition function must be incorporated in the free field
instrumentation system. As discussed previously, this is already acccmplished
using a standard 1680 mHz radiosonde. Thus, the RDF requirement for on-board
radio signal source is satisfied. Further, the standard military ground equipment
for reception, recording, and display of radiosonde data, the AN/GMD-series Rawin
Set, is in fact a radio direction finder since azimuth and elevation information
is provided. With the use of a transponder radiosonde and the addition of a
ranging adjunct to the Rawin Set, the RDF becomes a true tracking Systeﬁ which
can provide position data for high altitude balloon experiments.

The AN/GMD-1 Rawin Set is a transportable receiving type radio direction
finder specifically designed to automatically track a balloon-burne radiosonde
transmitter., Used in conjunction with an AN/AMT-4 radinsonde (or equivalent),
AN/TMQ-5 rediosonde recorder, or AN/FMQ-1 or AN/PMQ-2 radiosonde receptor, the
resulting rawinsonde esystem provides atmospheric pressure, temperature, and
humidity deta, as well as recordings of time versus azimuth and elevation of the
ascending balloon. The standard Rauin Set antenna is a single dipole with
conical scenning and a seven foot parabolic reflector,

The Rawin Set automatically tracks the balloon-borne 1680 mHz transmitter
to altitudes of 100,000 feet or more, and to horizontal distances of about 125
miles. Azimuth and elevation angles versus time are printed out by the Rawin Set
control recorder. A block diagram of this rawinsonde system is shown in Figure 2,20,
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The AN/GMD-2 Rawin Set is identical to the AN/GMD-1 with the addition of
a ranging capability. This, of course,requires the use of a transponder-type
radiosonde. Range information is obtained by measuring the phase difference
between the transmitted and received range signal. A T4.94 kHz sine wave which
is generated in the GMD-2 ranging attachment amplitude modulates a 403 miz ground-
based transmitter which is part of the Rawin Set. This signal is picked up by
the 403 mHz receiver in the transponder where it is detected, amplified and used
to frequency modulate the standard 1680 mHz (meterological data) carrier at

T4 .94 kFz, The 1680 mHdz FM signal is received and demodulated by the FMD receiver.

The incoming Tk.94 kHz signal is compared with the signal generated at the ground

set; the phase difference between them is a measure of slant range.

The angular tracking accuracy of tlhie AN/GMD-1 and AN/GMD-2 Rawin Sets

+
is = 0.05°. This is the maximum error between 10° and 60° elevation; accuracy
degrades &t higher or lower elevations. The range accuracy of the AN/GMD-2 is

+
= 25 yards or 0.25 percent of the slant range, whichever is greater.

The WERT 60 (Weather Bureau Radiotheodolite; Servo Corp. of America,
Model 4000) is a commercial modification of the AN/GMD-series Rawin Set which
employs a larger antenna and special design modifications to provide increased
angular resolution and accuracy (: 0.03°RMS) at the expense of decreased trans-
portability. Both the GMD-1 end the GMD-2 can be assembled or dismantled by two
trained persons in less than one hour. The equipment can easily be transported
in a standard 1-1/2 ton ordnance trailer. Being originally meant for field use,
the GMD is easy to set up, requiring a minimum of siting and adjustment, The
WBRT 60, on the other hand, is specifically intended as a fixed semi-permanent
installation requiring hard-mounting and protection of the ant2nna and pedestal.

Of :pecial importance to the selection of a tracking system is
availability of ground equipment at GFE. The AN/GMD-series Rawin Set has been
in the military inventory for almost ten years and should be easily obtainable
as GFE for the high altitude blast generation program,
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The entire spectrum of trecking systems is summarized in Table 2.4.
This represents most of the more common systems currently available or in use.
The major parameters to be considered in selecting the optimum tracking approach
are: Performance (angular and range accuracy); cost of purchase or use; avail-
ability as GFE; compatability with free field instrumentation system; and

transportability.
2.1.4.,4.6 Summary

The flight contrsl is necessary to accomplish a programmed flight
plan and provide flight safety in the conduction of the test. It is recommended
that the AFCRL command system bte used in its entirety. The advantages are that
the system has been proven in actual field tests and that the command transmitter-
receiver has been approved by the Wnite Sands Range Safety officers as being
acceptable for use on the range. Tracking in this approach is by existing range
radar equipment employing beacon identification. A beacon is also employed for

tracking by the recovery vehicle.

The AFCRL system also employs a Radiosonde. The unit is part of the
payload and provider of both tracking &and meteorological data.

2.1.4.9 Flight Train and Package

The proposed flight train is shown in Figure 2.21. It consists of an
instrumentation train, the ~rommand control and recording vpackage. It is recom-
mended that the instrumentation train be made up of l/h inch steel cable
approximately 3CO feet long. The pressure transducers would be located along
the upper 200 feet of this line (with shock absorbers connecting them to the
cable), spaced at predetermined intervals to provide meaningful data. At the
upper portion of the line wyuld be the connector 2f th~ time of arrival gage
(located inside the balloasn) and the abort cutter which would cut the train
loose in case »f an emergency terminatior of the flight. Tnhe transducers

would be located in streamlined housings mounted directly to the line.
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The instrumentation package design is typical of that used in balloon-
borne experiments. The package should be fabricated in the form of a box frame-
work using aluminum angles as the main structural components. The size of the
box will vary depending on the type of components which will be carried. It is
expected that the framework would be approximately 18 inches x 18 inches x
32 inches.

The framework will be lined with styrofoam to provide thermal insulation.
A 5 inch thickness of styrofoam is required to limit the internal temperature drop
to 4O°F from an initial level of 75°F when subjected to an external ambient of
-65°F for ten hours. The thickness is based on an internal mass of 180 pounds
and no internal heat being generated. Therefore, a more than adequate safety
factor exists to account for heat losses due to imperfections in the insulation.
Since the internal equipment can operate at much lower temperatures than specified,

the package should easlly provide a suitable thermal requirement.

At each station or point of measurement, a pressure transducer mount
(sce Figure 2.22) will be clamped to the load line in such a manner as to

provide a minimum of disturbance to the air shock wave.

2.1.4.6 Recommended Systems

The Genisco Technology Model 10-110, assembled into an inIG compatible
system with record electronics, reference oscillator and flutter compensation
channel is recommended for the recording of data. To obtain pressure-time
histories, the Schaevitz Bytrex pressure transducer is suggested along with the
Genisco DC amplifier to provide signal ampliffcation to drive the recorder
amplifiers. An alternate is the Kistler pressure transducer which would not
require DC amplifiers. Although redundent, a combination Kistler-Schaevitz
system may be considered initially to compare the two types in the same environ-
ment. The respective transducer system costs would be $37,000, $33,500 and
$40,750 including Genicco equipment,




A Radiosonde ($225) 1s recommended to obtain meteorological data. The
radiosonde should be compatible with the AN/GMD-1 Rawinsonde system (GFE). With
this approach, additional tracking is not required. However, if the program is
to be conducted on a fully instrumented iest range advantage should be taken of

available radar tracking systems.

Additional instrumentation system suggestions are: a three channel
multiplexer for recording ambient pressure and temperature along with the instru-
mentation package temperature ($1600); a fiducial generator ($120); a programmer
calibration generator ($800); and nickel-cadmium batteries ($600).

The AFCRL command and control system 1s recommended at an estimated
cost of $8000. Ground station component costs would be an additional $3000.
Additional items and costs are: 1line cutter system; firing system ballast dump
system; and instrumentation train and package all for a total cost of $3700.
The cost of personnel and equipment to suppcrt the instrumentation and command
systems is estimated at: $800/day for the FPS-16; $400/day for recovery chase
vehicles; $500 for a communications net and $150/man-day for nonbased personnel
(4 nominal).

2.1.5 Recovery System

2.1.5.1 Introduction

Recovery of instrumentation packages from high altitude balloon experi-
ments entalls the use of recovery systems which are both reliable and add very
little weight penalty to the overall payload. There are in existence a number
of recovery systems which can conceivably be adapted to perform the recovery
task.

The idealized recovery system (aerodynamic decelerator) should have
the characteristics of minimum deployment shock, minimum final descent or impact
rate, maximum aerodynamic stability, minimum weight, and a high degree of
reliability in the particular mission environment., Obviously, it can be seen
that the foregoing characteristics must be optimized in each detail, to meet

desired performance prescribed by the mission envelope.
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The mission envelope, simply stated, calls for local and remote opera-
tions to accomplish balloon filling and balloon/payload launch handling. The
balloon and its payload are then separated from all ground restraints, after
final weigh-off readings have been teken, and the ascent to altitude commences.
Gases contained in the separated fuel and oxidizer cells of the tandem shaped
balloon are allowed to intermix upon disreefing. Upon detonation of the
explosive gases contained in the balloon, the payloed instrumentation/recovery
system enter a state of free fall. It is at this instant that the recovery system
senses dynamic pressureinits downward travel and deploys the parachute which in
turn inflates to its projected design diameter. The descending parachute with the
attached instrumentation package will encounter increasingly denser atmosphere
causing it to continually decelerate until the design impact equilibrium velocity
has been achieved at touchdown. The design impact equilibrium velocity will vary
slightly because it is calculated on the basis of standard atmospheric density at

sea-level.

2.1.5.2 Recovery System Types

The recovery system to be installed as an integral part of the payload
train must be compatible with the design features thereon and not detract
inordinately from the lifting performance of the buoyant balloon. It should
also be adaptable in configuration so that it can be easily installed in the
payload train which is suspended beneath the balloon while in flight. The
recovery system should not interrupt the structural integrity of the continuous
support line which runs from the instrumentation package to the balloon load

connector plate,

Recovery system types which have been considered under this program
are the parachute, the paraloon, the paravulcoon, the Rogallo-wing, rotor systems
end the torroidal balloon. Each of these systems have been used successfully in
regard to their particular performance capabilities and uniqueness of application,
with the exception of the torroidal balloon.
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The torroidal balloon was developed by GARD for the purposc of landing
grouni penetrometer Instrumentation on tne lunar curface, under NASA contract
NAS-9-3751. This device could conceivably te adapted to the payload recovery
oreration, however it would require pneumatic inflation scon after detonation of
the explosive gas filled talloon. This would require either a sensing element or
timing mechanism to trigger a gas pressurized vessel to inflate the torroid.

The inflated torroid is then expected to drift to the surface and act as a

pneumatic cushion on gro.nd impact Or, in the case of a water landing, an impact
cushion and flotation dev:ice, Models of the torroidal balloon have been constructed,
but to date, no actual air drop or full scale tests have been carried out to

thoroughly qualify this device in the recovery application,

Rotor type recovery systems have been advanced to a point where they
are indeed successful and quite reliable A highly desirable feature of the
rotor system is that i+t does not undergo high walues of opening shock when the
rotor blades are deployed. Essentially it is meant to be a high initial velocity
low opening shock recovery device with potential application in the area of
manned space capsule deceleration upon atmospheric reentry. There would however
be the problem of possible payload line fouling of the rotor system if it were

to be used in the instrumentatiorn recovery scheme.

The Rogallo~-wing is basically a gliding device with a rather high L/D
(Lift to drag) ratio. It too has been proposed as a potential device for controlled
space capsule reentry and landing. This device would be comparatively inexpensive
to manufacture depending upon the degree of sophistication desired. It presents
the disadvantage of extensive ground search recovery of the instrumentation package.
In addition, the Rogallo~wing requires a fairly stable location of the suspended
load center-of-gravity (C.G.) beneath the lifting surface to accomplish stability
in the pitch axis of rotation. This constriction of c.g. location with a freely
swinging pendular load makes pitch stability a questionable proposition with
possible wing stall resulting from too great an angle of attack In addition
to the pitch stability problem, the encumbrance of mating the Rogallo-wing to the
payload train would be rather unwieldly, especially when attempting the remote
launch phase., Ground damage could possibly oeccur, disabling the recovery aspect

of the experiment.
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The paravulcoon attempts to combine the features of a parachute and a
hot air balloon. It require:s ignition of a heat source to warm the entrapped
air in order to provide a degree of buoyancy during descent. The paravulcoon
would be difficult to control remotely, due to required regulation of the heat
source in order to achieve a controlled descent rate, which is the prime feature
of this device. Its application to the recovery of balloon-borne payloads

appears t0 be impractical

The paraloon which is also referred to as a ballute or spherical
decelerator is an inflated talloon which is girdled by an inflatable torroid in
the region of its equator. The intlatable torroid in some configurations is
replaced with small scallops or parachute gores. It was developed to perform
under supersonic air flow conditions and to act as a flotation measure for touch-
down at sea. inal touch-down velocities using the parsloon, are too high for

consideration of its use in high altitude balloon instrumentation package recovery.

The parachute is next in line of consideration. To date, there have been
many developments or modifications of the parachute to meet certain behavioral
characteristics of performance. Recovery of the instrumentation package from a
gas detonation environment at altitude with the constrictions of low weight
addition to the payload, adaptability to form an integral part of the payload
train, ease of manipulation during launch, and ability to achieve soft landing
velocities are attainable with the parachute., Therefore the parachute is

recommended a3 & recovery system type

2.1,5.3 Selection of Parachute Recovery System

In surveying the spectrum of typical performance characteristics of
parachute canopy configurations, one particular type appears guite suitable
for the instrumentation package recovery task. This canopy is the 10 percent
extended skirt flat circular type. It is normally used for both personnel and
cargo drop applications, in addition to final stage reccvery of aerospace vehicles.
Nominal drag coefficient (CD ) applicable to this canopy type range from a value
of CDo = 0.70 to 0.75* . Thg diameter ratios for this canopy are Do/Dc = 1,24*

»

Performance Of And Design For Deployable Aerodynamic Decelerators, Technical
Report No, ASD-TR-61-579, December 1953. p.66.
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and Dp/DC = 0.76* . The foregoing ratios represent nominal diameter to constructed
diameter and projected diameter to constructed diameter respectively. Opening
shock factor becomes a significant consideration if the parachute is ejected from a
packed condition into a high. velocity free-stream air flow. The opening shock

factor (X) is determined from the expression:
X = F/F,

where
F, - opening shock force (1vs)
F, - snatch shock force (1bs.

For the extended skirt canopy an opening shock factor of 1.8* 1is observed.

2.1.5.4 Parachute Sizing Calculations

2.1.5.4.1 Initial Conditions

Parachute canopy size determination is basically dependent upon the
weight of payload to be recovered and the desired equilibrium velocity (Ve) at

impact.

Total recovery system weight (w&) is the sum of the payload weight
(wpl) plus the parachute weight (Wp).

Equilibrium impact velocity is largely determined by the design and
weight of the instrumentation package to be recovered., If the instrumentation
package is to be retrieved with little or no damage to its contents, it must be
protected by well designed shock mounts or crushable shock absorption material
on the exterior surface of the instrumentation capsule. On the other hand,
landing shock can be further attenuated by sizing the parachute such that the
impact equilibrium velocity will reduce the impact loading below the destructive

g-limits of the instrumentation package or its components,

Assuming that an impact g-load limit has been determined for the instru-
mentation package or its most vulnerable component, an impact equilibrium velocity

can then be determined to prevent g-loads beyond the destructive limitations of

the retrieved instrumentation.

* Performance Of And Design For Deployable Aerodynamic Decelerators, Technical
Report No. ASD-TR-61-579, December 1953. p.66.
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2.1.5.4.2 Example Sizing Calculations

In order that one may get a better understanding of the nominal

parachute sizing procedure an example solution follows:

1. Assume that a 200 pound instrumentation package is to be
recovercd at an impact equilibrium velocity of 19.2 feet-per-
second at sea-level, Solve for the parachute nominal values
of canopy load ratio, drag area, parachute area, and diameter
using a flat circular- 10 percent extended skirt parachute
canopy with an average steady state nominal drag coefficient

Cp = 0.725.

2. The first step in the solution is to solve fcr the canopy

load ratio expressed as

5 —
W, Fole  (0.002378 22RE)(19.2 £ps)?

S X - 0.h38 222
C.S 2 2 & ft2

3. The second step solves for drag area expressed as

oW
c, s, - t2 . (2) (200 lbs; 2 b56.3 £t2.
(o] o
Pole_ (0.002378 1258 )(19.2 £ps)

ft

L. The third step solves for canopy area expressed as
2 W

5, - : 3 -~ - (2)(200 1bs) 5 - 630 2
c 1) 1b-sec 2
Dy 0 e, (0.725)(0.002378 —-f—t%—)(19.2 £ps)
5. The fourth step solves for canopy diameter expressed as
1.596 | ™ 6 I
D = .59 t . L1.99 200 1bs = 28.31 ft.
o) Ve CD' o 19.2 fps lbwsecg
o o o (0.725)(0.002378 =—=1—)

ft

55

- o Bl e o e M, s g

[ 5 =T SN



6. The fifth step solves for the construction diameter of

the parachute, expressed as

D
D = o _ 28.31 ft

e .80 1.2k

= 22,83 ft.

The ccnstruction diameter (Dc) is the base dimension upon which the parachute
manufacturer proportions canopy geometry in cutting gore patterns to the

required size.

2.1.5.4,3 Generalized Sizing Calculations

The sizing relationships presented in 2.1.5.4.2 were expanded to
provide a reasonable range of recovery applications with the objective of being
able to determine canopy size required, based upon varying magnitudes of system
total weight, final impact velocity, and canopy drag coefficient. All generalized
sizing operations were based upon sea-level conditions. Tables of calculations
show the variation of sizing parameters, using steps numbered 2 through 6 cf
2.1.5.4.2, These tables reflect the variation of sea-level equilibrium
velocity versus canopy load ratio, recovery system total weight versus canopy
drag area at various values of canopy load ratio, canopy drag coefficient versus
canopy area for values of canopy cdrag area required, and canopy nominal and

construction diameters versus canopy nominal area.

2.1.5.4.4 Generalized Graphical Presentation for Determination

of Parachute Size Required

Tables of calculations were prepared in graph form for convenience in
determining the size of parachute canopy required. The graphs, numbered Figure
2.23 through Figure 2.26 correspond to these calculated tables. Figure 2,23
contains a shaded envelope indicating recommended impact equilibrium velocities

and cenopy load ratios for personnel and air cargo recovery *,

Example Using Graphs to Determine Parachute Size

The example cited in the graphs is denoted by dashed lines and the
parameter to be solved for is denoted by the direction of the arrowheads on the

* Performance Of and Design for Deployable Aerodynamic Decelerators, Technical
Report No. ASD-TR-61-579, December 1963, p.36L.



dashed lines. Starting with Figure 2.2 3, assume that an instrumentation
package designer decides that the package, which weight 200 pounds cannot be
impacted at a velocity any greater than 19.2 fps, due to g loadings inwvolved.
In Figure 2.23 1locate the impact equilibrium velocity Ve = 19.2 fps along the
ordinate. Reading over to the curve and down along the d8shed line in the
direction of the arrowheads
wt 2
T e 0.L438 1bs/ft“ on the abscissa.

o}

D,

Turning to Figure 2.24 on the ordinate at the 200 pound level read over to the

curve

W
6'5'5; = 0.438 1bs/ft2 (interpolated)

o}
and down to a value of canopy nominal drag area of CD Sd epliST ft2. Now,
assuming that the canopy type to be employed is a 10 gercent extended skirt
type with e nominal drag coefficient of CD( = 0.725, Figure 2.25 can be used

o}
to determine the nominal area of the canopy. Reading C = 0.725 over to the

curve CDbSo2: LsT ft2 (interpolated) and gown to the SODEEale, read a value of
S, = 630 ft°. With the value s, = 630 ft° located in Figure 2.26 along the
abscissa read up to the intersecti~» of the nominal and constructed diameter
curves, respectively, DO and Dc' Reading over to the ordinate in the direction
of the arrowheads find D = 28.3 ft and Dc = Do/l 24 = 22,8 ft. The determina-

tion of Dc is the final step in reading the sizing curves.

Through the foregoing generalized sizing graphs, it must be pointed 1‘
out that only the instrumentation package weight was considered as the value
W,. This is not quite true because W_ is defined as the payload package weight

t t
plus the parachute weight or Wi =W+ Wp. It is therefore necessary to determine

the weight of the previously sized g;rachute and resolve for the impact equilibrium
velocity (veo) with the additional weight of the parachute taken into consideration.
Figure 2.27 is a plot of DO versus wp for various types of materials used in
parachute construction. 1In the preceding paragraph DO was found to be 28.3 ft.

Reading along the ordinate in Figure 2.27 locate Dy= 28.3 ft. Following the
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dashed line in the direction of the arrowheads three material curves are inter-
sected. The curve which delivers the heaviest weight of parachute fcr a nominal
diameter D_ = 28.3 ft will be used. This weight wp is approximately equal to

21 pounds. Therefore the total recovery system weight wt would be equal to the

payload package weight W _. of 200 pounds plus the parachute weight wp of 21

pl
pounds or a total recovery system weight wt = 221 pounds. This change in
weight would increase the canopy load ratio thereby causing an increase in
touch-down velocity. The increase in velocity at touch-dowr is found by the

following expression:

W
/ t 2 221 1lbs 2 |
Ve = N =T = . 5 = 20.17 fps
o) B © o

Cp (0.725)(630 ftz) (0.002378 1b-sec )

The additional weight of the parachute when combined with the payload packace
weight has incrcased Ve from 19.2 fps to 20.17 fps or a net increase of 0.97
fps which is negligibled

2.1.5.5 Geometry of the Flat Circular 10 Percent Extended Skirt

Parachute

The inflated shape of the flat circular 10 percent extended skirt
parachute is largely determined by gore geometry. The reference "flat circular"
implies a canopy of n number of gores, when assembled, would lay flat on a
planar surface. The reference "10 percent extended skirt", refers to an extension
of the gores at thelr base, a diétance of 10 percent Dc or 10 percent of the
constructed diameter which was calculated in the step numbered 6 of 2.1.5.4.2.
Figure 2.28 illustrates the re:ommended gore geometry of the flat circular 10
percent extended skirt parachute. It is to be noted that all dimensions are
based upon the constructed diameter Dc. Suspension line length is denoted as
Ls and the value n denotes the number of gores comprising the entire canopy.

The gore area is that which is enclosed by the heavy lines in Figure 2.28. The

area below the skirt line composes the extended skirt portion of the gore,
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2.1.5.6 Farachute Cost Evaluiation

Cost information with regard to type of parachute referred to in
this report appears in Figure 2.29. This information is presented in the form
of a curve of parachute c2st versus parachute constructed diameter. The cost

information is based upon 1967 manufacturer's cost gquotations to the customer.

2.2 Test Site Survev

There 1s an 20Vious necessity to ensure maximum safety in conducting a
program 1nvolving high yield explosive gas mixtures. The problem of safety
is further complicatea ty the use of a free floating balloon. The most
desirable location for cornducting such tests would have to provide a high
probabiiity of cloidles:, low ground wind days, no population or structures and

comply with the FAA regualations® encouutered in the continental United States.

2.2.1 Zeduraphical Considerations

These factors would indicate that the ideal location for performing high
altitude SLED3E field tests would be over water using a naval vessel as a
lgunch, tracking, and recovering vehicle. The launch vehicle would undoubtedly
‘be an LST or equivalent. Although expensive to operate, it offers many
advantages. During launch, the LST can be headed in a direction to neutralize
the wind effects. Arn LST can be egquipped with tracking and communications to
monitor and contrcl the flight phase of the program and can base launch recovery
vehicles. The major disadvantage of using an LST would be the cost of operation

and difficulty of acguiring this type of facility for this purpose.

A remdote Pacific island c2uld te a potential test site offering avout
the same aidvanteges as an LST. Wind effects during launch cannot be compensated
for. But winds are generally of a predictatle velocity and compensation from
ground wind effects can be provided. The operational costs would again be

higher when one considers transportation of personrel and ejuipment to the test
site.

% Moored Balloons, Kites, Unmanned Rockets, &and Unmanned Free Balloons;
Title 14 Chapter 1, Subchapter F, Part 101.
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Operation in the continental United States would almost certainly require
the tests to be performed at a fully instrumented range where an effective range
safety system has been established. Also the test site should be relatively
large to accommodate the balloon flight., Several bases exist which meet these
requirements., Eglin AFB, Florida, kdwards AFB, California, Nevada Test Site,
Nevada, and White Sands Missile Range, New Mexico., These bases, with the
exceptioh of White Sands, are oriented toward different missions and are not

likely to be available to support the high altitude SLEDGE program.

2.2.2 Meteorological Support

An important factor in balloon launch is the forecast of weather, particularly
winds, both on a 24 hour basis and immediately proceeding a launch. The type
of meteorological data (vertical information on transient air cell over prospective
launch site) required are: Temperature vs, altitude; barometric pressure vs,
altitude; wind diraction and velocity vs. altitude; precipitation (rain, hail,
etc.); cloud ceilings and percent obscurity of clouded sky; turbulence, icing
levels; and visibility.

The above items are the basic weather phenomena having a direct effect on

the balloon launch and flight operations.

Due to the rather delicate nature of balloon launch conditions required,
t he ideal operation would be conducted under absence of any winds from the surface
to detonation altitude accompanied by unlimited visibility. This ideal meteoro-
logical condition rarely exists, therefore the minimum winds and maximum visibility

conditions available must be accepted,

In order to p.in and initiate launch operations it becomes necessary to have
access to meteorological forecast data. Every six hours the United States Weather
Bureau's Aviaticn Forecast Centers prepare detailed flying weather forecasts for
12-hour periods for about 385 air terminals in the United States includirg Alaska
and Hawaii. In addition, 2l4-hour terminal forecasts are provided for about 120
mejor airports throughout the country. Every six hours a detailed 12-hour area
forecast is prepared for each of the 29 areas into which the continental United
States has been divided for forecasting purposes.
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All United Evates Weather Bureau Flight Service Stations having voice
facilities on continuously operated radio ranges or radio beacons broadcast
weather reports at 15 and 45 minutes past each hour. The 45-minute past the
hour broadcast is an "airway" broadcast consisting of weather reports from
important terminals located on airways within approximately LOO miles of the
broadcasting statioa., The 15-minute past the hour broadcast is an"area" broad-
cast consisting of weather reports from the stations within approximately 150

miles of the broadcasting station

At each station, the "airway" broadcast is as follows: Alert notice
announcement; SIGMET (Significant Meteorology) or advisory for light eircraft
(if available); PIRFPS (Filot reports) when available; Radar reports (if aveil-
able); aviation weather; flight informaetion - any nonmeteorological information
not a part of a weather report but which requires broadcast; additional special
weather reports and some NOTAM'S (Notices to airmen) are broadcast off-schedule

upon receipt; winas aloft forecasts are transmitted only on request.

The U.S. Weather Bureau operates a 97-station network of weather radars
which are operated continuously if any precipitetion capable of being detected
is present or expected. These stations are generally spaced in such a manner as
to enable them to detect and identify the type (snow, rain) of most of the

precipitation east of the continental divide.

If any weather is detected, & scheduled radar observation is taken at 45

minutes past each hour ; more often if the characteristics (speed, intensity, etec.)

are changing rapidly. These observations are transmitted to U.S. Weather Bureau

and FAA Stations and are available for use in pre-flight and in-flight planning.
In addition, an hourly radar summary and a three-hourly radar summary facsimile
chart; are prepared by the Radar Analyses and Development Unit in Kansas City,
Missouri., The hourly radar summary is transmitted on Service A teletypwriter to
all U.S., Weather Bureau and Flight Service Stations, and the radar chart is
available to all subscribers to the facsimile network. A map of the continental

radar reporting network is shown in Figure 2,30.
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2.2.3 Weather Input to Balloon Launch Operations

If a land based operation is selected, the nearest USWS Flight Service
Station will provide metro prognostications and upper air soundings. Sea
operations can acquire metro data from radio broadcasts to water borne commerce.
In addition, an aerological measuring set such as the AN/PMQ-5 from the Bureau
of Aerology, U.S. Navy, should be obtained for emplacement on-board ship or
at the launching site., Figure 2,31 shows the possible methods of metro data
relay to the launch sites. The AN/PMQ-5 is a manually operated portable
meteorological station weighin 14-1/2 pounds. It measures atmospheric pressure,
temperature, relative humidity, wind direction, and velocity. This unit is
manufactured by the Bendix Frieze Company and is similar to the AN/PMQ-k

manufactured by Kollsman.
The Radiosonde is the most widely used instrument for obtaining upper air

data. These balloon-borne equipments carry pressure, temperature, and humidity
measuring devices and a radio transmitter for telemetering the information back

to ground. (See Section 2.1.4)

In the event that operations are conducted at a missile range, a complete

local meteorological facility is available to provide on-range weather predictions.

2.2.4 Tracking Equipment

The importance of tracking facilities has been discussed in Section 2,1.h4,
Several information sources were reviewed to determine instrumentation and
tracking racilities at potential launch sites. The following table summarizes

the results of the review:

Location Range Instrumentation Comments Reference
White Sands Missile AN/FPS-16 Radar; balloon borne (1), (13) *
Range, New Mexico AN/GMD-1 rawin set; radar reflector 6"

AN/AMT-4B radiosonde; diameter; ambient

AN/AMT-15 radiosonde temperature - 53°C
Eglin AFB, Florida "satellite tracking also Santa Rosa (2)

facility" Island data

facility
AN/FPS-16 radar (7)

* List of References at end of this report.
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Location

Wallops Island Station,
Virginia (NASA)

Weather Bureau
Station, Cape Hatteras,
North Carolina

Kwajalein Atoll,
Marshall Islands

NASA Mobile Launch
Platform, NSTS Croatan

Holloman AFE,
New Mexico

Cape Kennedy, Fla.

Point Arguello, Calif.
(Western Test Range)

AEC Nevada Test Site
Chico, Calif. (AFCRL)

Palestine, Texas
(NCAR)

Pt. Mugu, Calif.
(Pacific Missile Range)

Fort Churchill,
Manitoba, Caenada

It is evident that the most common tracking radar is the AN/FPS-16. This
high precision tracking system is available at most instrumented test renges.
Also the AN/GMD series of radiosonde/direction-finding systems also seems quite

common.

Range Instrumentation

AN/FPS-16 radar;

radar is equipped with
digital readout.
SCR-584 radar;
SCR-584~Mod II radar

SP-1M radar

TRADEX tracking radar;
IBM 7090 computer

AN/FES-1C radar;
cinetheodolites;
radiosondes

AN/FPS-16 radar;
AN/GMD-1E rawinsonde

Rawinsondes

"FAA and USAF radars"

"90-channel digital
command tclemetry
system"

AN/FPS-16 radar

DOVA? tracking;
ballistic cameras
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(3)

(3}

(1)
()
(5)

Reference

(6),(8)

adjoins Vandenberg (9)

Air Force Base

(10)

(12)
NCAR Belloon Test (11)
Facility

(14)

(15)
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2.2.5 Recommended Test Site

A cursory study >f possible test sites was conducted as part of this program.
It is recommended that the White Sands Micsile Range, New Mexico, be utilized for
the initial development phases of the High Altitude Blast Generation System.
This site was selected for initial tests because of location, facility support,
and ability to meet the safety requirements for High Altitude Blast Generation
System tests. Altnough otrer test sites mentioned previously would satisfy the
requirements of a High Altitude SLEDGE System, they were disregarded because the
scope of their missjion would not include tests of this type. The Air Force
Cambridge Research Lavoratory has performed a similar survey as part >f the

BANSHEE program and concurs with this recommendation.

As the High Altitude Blast Generation System becomes operationsl, it may be
necessary to consider more remdote locations, than the White Sands Miss{le Range.
Whatever the program ot jective may be at that time it {8 recommended that a
remote Pacific island te considered as a transition from the development stage
to a fully operational system. Kwajalein atoll, in the Marshall Islands, appears
to be the best suited location.

Tre fully operational rejuirementg of a High Altitude SLEDGE system diciates
complete mobility. For the fully operatiosnal system it is recuamended that
field testg e conducted over-water using an LST.

The field test caste would be lowest for Wnite Sands Missile Range and
progressively higher for Kwajalein and osverevater operations. These qualitative
cost estimates were ootained without regariing the avajiladjlity of recommended
test sites. GQuantitative cost ertimates anj test site availability would have
to be determined at the time specific information concerning test scheduling
vas aveiladble. Hovever, for buagetary purp2ces 1t has been suggested vty AFCRL
a preliminery cost of $30,000 per event te considered for initial tests at
Wnite Sands Missile Range.
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TABLE 2.3
TOMAND RECKIVER JURGTY

Price

de it

Fregquency aavironment Power Beg

Marufacturer

=523 2.9 lve. $1,000

k00-5%0 Satellite

R. S. Electronics
Model 2624 & 1805 MWiz. ™

AEL, Inc.
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SECTION 3

KO MMENDAT Fogs

IThe conceptual desipn and econdmie stwly conducted in ting report tas

indicated that feazivili'y 21 a gt altytwie blast generation system using

detongvle gases contained in talloons, Theore is however, furtner Jevelop-

ment tonat ma it be accomplished before an operational system of this type can be

realized. Tne folidwiag specaTie tasks are recommended for future work,

—

v

AN}
<

Jonduct a study to estavlish a preliminary design for the complete SLEDUE-HT
svatem and further investigate those areas of materials, techniquec and pas

dynamics where more detailed analysis is required to verify the validity of

approacr. This wduld include experimental tests to determine if the gases,

which are initially physically separated, form a homogeneous detonable

mixture during ascent to altitude.

Perform flight system tests td prove the design and performance adequacy of
the balloon, ground launch system, flight system and associated operational

techniques using helium in place of the fuel gas.

Perform a 20 ton gas detonation at 50,000 feet to demonstrate full system
performance 1n the simulation of large explosive detonations at high

altitudes.

Tonduct flient tests with both metesralogical and SLEDSE-HT balloons to (1)

estapli<h the meteoroslogical feasitility of accomplishing the requireds

balloon nperations at the Kwajalein Test Site (KTS) and (2) gairn experience

in handling logiutic problems i1nvolved 1n accomplishing cryogenic operations

in the remote KIS area.

Provide the shock envirs>nment by means of a 20 ton detonation at 50,000 feet
for & blast intercept experiment with & missile and document and explosion

cnviranment,,
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